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INTRODUCTION 
General : 
Historically, enzymatic proteolysis has been generally associated with 
protein digestion and drew attention of physiologists and biochemists interested in the 
process of digestion. In the more recent p&A of the digestive enzymes, attention has 
been foucussed on the proteases that play regulatory role in a great variety of 
physiological processes ranging from processing and molecualr assembly of nascent 
polypeptides to the processing of protein hormone and enzyme precursors including 
development and fertilization. (Neurath, 1984). 
The term protease is used broadly for all the enzymes that cleave peptide 
bonds (EC 3.4). Proteases can be broadly subdivided into exopeptidases (EC 3.4 11-
19) and endopeptidases (EC 3.4 21-24, 99). Exopeptidases act on the amino or 
carboxy termini of the peptides, where as endopeptidases cleave peptide bonds 
located in the interior of the peptide Essentially proteases function to create 
biologically active molecules or destroy biologically active proteins and peptides. 
Classification of Proteases : 
In earlier days proteases were classified according to molecular size, 
charge or substrate specificity. (Neurath, 1989). A more rational system is now 
adapted for their classification basing on the nature of active sites, mechanism of 
action, and three dimensional structure. Four mechanistic classes of proteases are 
recognized by the International Union of Biochemistry (IUB). Members of each family 
of proteases reported (Table I) are believed to have descended from a common 
ancestor by divergent evolution. 
Table - 1 Families of proteolytic enzymes and their inhibitors 
Family* Representative Protease (s) Some Specific Inhibitors 
Serineprotease I Chymotrypsm 
Trypan 
Elastase 
Pancreatic kaflikrein 
Serineprotease EI Subtifish 
Cysteineproteases papain 
TPCK TLCK, PMSF, DFP 
SBTT, Aprotinin, Leupeptin, 
Antipain, Chymostatin 
Benza midine, p-amtno 
beozamidine, Elastatinal 
Iodo acetic acid, N-ethyl 
maleimide, p-hydroxy 
mercuribenzoate, E-64 
Asp artic proteases Pencflfiopepsin 
Rhizopus chinesis and 
Edothiaparasitica, acid proteases 
Renin 
Pep statin A. 
Metalloprotease I Bovine carboxypeptidase A 
Met alio protease D Thermorysin 
EDTA,EGTA, 
1,10-phenanthrofine, 
Phosphoraraidon 
Neurath(1984) 
Serine protease I and metallo protease I are of mammalian origin, while serine protease II and 
metallo protease II are ofbacterial origin. 
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Serine Proteases : The serine proteases include two distinct families : the mam kalian 
serine proteases chymotrypsin (EC 3.4.2! .1), trypsin (EC 3.4.21.9) elastase (EC 
3.4.21.11) and the bacterial serine proteases subtilisin (EC 3.4.21.14). Protease from 
these two classes differ from each other in amino acid sequence and three dimensional 
structure, despite a common active site geometry and enzymatic mechanism. The most 
sophisticated work on the evolutionary relationships of the serine proteinases found in 
mammalian tissues is that on the proteases of the fibrinolytic and blood coagulation 
systems. (Jackson and Nemerson, 1980; Neurath. 1984). The serine proteases are 
characterized by the presence of a uniquely reactive serine side chain at the active site, 
and the catalytic mechanism of these proteases involves the covalent binding of the 
substrates to the serine residue (Kraut, 1977). The best characterised and physiolog-
ically most versatile protease family is that of mammalian serine proteases as exempli-
fied by pancreatic trypsin, chymotrypsin, elastase, and kallikrein (EC 3.4.21.8). The 
hallmark of their active sites is the catalytic triad of Asp, His, Ser, (Barret, 1977). 
Cysteine Proteases : The cysteine proteases from prokaryotes and eukaryotes 
characterised thus far fall into serveral evolutionary related families; three of these 
being represented by a protease from Streptococcus, clostripain from Clostricdium 
histolyticum and papain from Caricapapaya (Barret, 1986). The papain super family 
seems to be the predominant family in eukaryotes. Papain is a 23,400 dalton single 
polypeptide, and the structure and kinetic properties of the enzyme have been 
extensively investigated. (Dreuth et. al., 1976). The amino acid residues around the 
active-site cysteine (Cys-25 in papain) and an essential histidine (His -159 in papain) 
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have been highly conserved in the lysosomal cysteine proteinases. 
Aspartlc Proteases : Aspartic proteases have been reported to be predominantly 
present in eukaryotes. The structural data that are available indicate that the aspartic 
proteases belong to one family (Huang et. al., 1980). These enzymes generally have 
molecualar weights in the range of 30,000 to 40,000. The aspartic proteases are 
believed to have a preference for peptide bonds flanked by hydrophobic amino acid 
residues. The aspartic proteases include the bacterial pencillopepsin (EC 3.4.23.6), 
the mammalian pepsin (EC 3.4.23 1), renin (EC 3.4.99.19), chymosin (EC 3.4.23.4) 
and certain fungal, oteases. 
Metallo-proleases : Metallo-proteases are widely distributed in prokaryotes and 
eukaryotes. The primary amino acid sequence and three dimensional structure of the 
bacterial enzyme thermolysin (EC 3.4.24 4) has been determined (Titanief. al., 1972). 
The primary structure of only one mamalian metallo-endopeptidase, human fibroblast 
collagenase, has been determined (Goldberg et. al., 1986). The molecular weights of 
mammalian metallo-proteinasesthat have been characterized range from 17,000 to 
800,000 and most of them contain zinc as the essential cation (Bond and Beynon, 
1985). Some of these such as meprin, also contain calcium. The role of the cations is 
not known for any of the mamalian enzymes, but by analogy with thermolysin it may be 
inferred that zinc is located at the active site and pla vs a role in labilizimr the susceptible 
peptide bond Calcium ions, by contrast, are probably involved in enzyme stabilization 
(Feder, 1971). 
Many other proteolyic enzymes have been identified and isolated which 
completely do not fit into the classification shown in Table 1. As has been shown in 
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the case of Pseudomonas fragi a psychrophilic bacterium secreting a single pro-
teolytic enzyme (Porzio and Pearson, 1975). This protease has been shown to be a 
metallo protease, but with a substrate specificity markedly different from that of other 
metalloproteases (Noreau and Drapeau, 1979), while the latter cleaves peptide bonds 
on theNH2 - terminal side of large hydorphobic residues, the enzyme from P. fragi 
prefered small or hydrophilic amino acid residues. When tested with oxidised insulin B 
chain as the substrate all but one of these enzymes had the substrate specificty of 
classical metalloproteases, while the other exhibited a narrower and different r 3ptide 
bond specificity cleaving on the NH2 - terminal of 1 -phenyl alanine, 1 -tyrosine and 2 
cysteic acid residues. 
Two alkaline proteases existing in the digestive juice of the fifth larval instar of 
silk worm Bombyx mori have been purified and termed as p-II and p-III (Sasaki and 
Suzuki, 1982). The molecular weights of p-II and p-III were 22000 and 23000 
respectively. The p-II had its pH optimum of 10 and could hydrolyse benzoyl - DL-
arginine - p-nitroanilide and was inhibited by DIFP. TLCK, leupeptin, antipain, HgCl2 
and soybean Bowman - Birk inhibitor, suggesting that the p-II should belong to trypsin 
like protease. On the other hand, the p-III had its pH optimum at pH 11.0 and was 
inhibited by DIFP, chymostatin and so\bean Bowman-Birk inhibitor, but not by 
TPCK, and more over it could not hydrolyse berzoyl-arginine p-nitro anilide, 
benozyl-L-tyrosine-p-nitroanilideorglutaryl-L-phenylalanine-p-nitroanilide. The active 
site character and the substrate specificity of p-III from B. mori are not clear at present 
(Sasaki and Suzuki, 1982) 
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While the studies carried out on the two proteases of greater Waxmoth G. 
mellonella (Hamed and Attias, 1987) showed no specificity of inhibition on both 
proteases by TLCK and TPCK, these reagents are active-site directed affinity labels of 
trypsin and chymotrypsin acting by covalent modification of a catalytic histidme. Further 
information is required ot elucidate the nature of the active site and the substrate 
specificity of these two enzymes. 
Recently a cuticle degrading protease from the moulting fluid of the 
tobacco horn wormM Sexta has been purified using heparin affinity chromatography 
and partially characterized (Samuels^/, al., 1993). The serine protease inhibitor DFP 
completely abolished the proteolytic activity at ImM, while the other serine protease 
inhibitor PMSF was found to bepartially inhibitory at ImM. However the protease from 
the M. Sexta was also inhibited by the cysteine protease inhibitor. E-64 and by the 
sulphydryl reagents PCMB and DTNB. Additionally the enzyme's activity was not 
inhibited but actually slightly increased by the thiol reducing agents DTT and 2-
mercaptoethanol, as wouldbe expected with a cysteine protease. The author shave failed 
to give a definitive assignment of the protease to an active site class and the sequence data 
is awaited(Samuels et. al., 1993). 
While the family status of the collagenases, the amino peptidases, signal 
peptidases and many tissue proteases remains in limbo until active sites and mechanisms 
are elucidated (Neurath, 1989). 
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Insect gut digestive enzymes: 
It has been estimated that four out of every five living organisms and about 
eighty percent of the named animal species are insects Insects, that constitute an 
extremely large group of animal kingdom, can cope up with extremes of conditions. 
The broad range of habitat and dietary habits make this class the most serious 
competitor, man could ever encounter on earth. Among the members of this immensely 
diverse group one can find bizzare specializations that allow insect species to survive 
in nearly any imaginable ecologtcal niche. Comparative biochemistry of insects is still 
in its infancy, but the field is gaining impetus not only because of its inherent interest, 
but also because of the potential contribution of such studies to the development of 
novel and specific strategies for favourably influencing the growth of the insect 
populations. Considerable attention has been focussed onto the class of insects that 
are pests and parasites. Those that cause disease, and those useful to humans. 
The earliest investigators of the digestive enzymes of insects were Plateau 
(1876), Swingle (1925) and Wiggles- worth (1927). Nuorteva (1954) reported that 
five species of ptntatomidae had amylase along with other digestive enzymes and 
Dolycoris fasciatus a pentatomid bug was found to have relatively a wide variety of 
digestive enzymes like lipase, peptidase, a - glucosidase, B - glucosidase, and amylase 
(Ford, 1962; Khan and Ford, 1967). Hori (1970a,b) identified amylase, and invertase 
in the salivary glands ofLygusdisponsi of the family Miridae. 
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The properties of these digestive enzymes, especially that of amylase in the 
digestive tract of L. dispomi (Hemiptera: Miridae) a pest of legume and beet were 
investigated by Hori (1973). The role of the gut enzymes in digestion was compared 
with those in the salivary gland. The amylase activity of L. disponsi was monitored in 
the varying developmental stages, and was found to markedly increase just before 
moulting. Takanova and Hori (1974) reported the presence of digestive enzymes in the 
salivary gland and midgut of Stetiotus binotatus (Hemiptera:Miridae)and it was 
reported to have various carbohydrases, trehalase, a - glucosida >e, B-
glucosidase, a-galactosidase, B- galactosidase, amylase and esterase. It was also 
found that amylase, a-glucosidase and pectinase are present both in the salivary gland 
and midgut of S. binotatus,while fi-gli cosidase,a-galactosidase and esterase were 
located only in the midgut. 
It is of interest to note that insects are the only animal species in which the 
digestion of keratin has been demonstrated. These include the larvae of some thirty 
species of moths (lepidoptera), and those of some fifteen species of beetles (co-
leoptera). The process of wool digestion by these larvae have been extent vely 
reviewe by Waterhouse (1958) and MCphee( 1965). The most important among 
these insect species are the larva of the webbing clothmoth.77weo/a bisselliella 
(Waterhouse, 1958). Chararast'f a/., (1972) have reported that the midgut of the larva 
Poi acantha semipunctata (Cleoptera: Cerambycidae), a xylophagous insect living 
specifically on various species of eucalyptus trees, possess enzymes that hydrolyse 
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oligo and polysaccharides. The microorganisms isolated from the midgut were found 
not to participate in the degradation of carbohydrates present in the larval diet. In order 
to understand the enzymes involved in food utilisation by these larvae, Weber et al. 
(1985) purified two amylases from the Semipunclaia larvae. These were found to 
differ in their pH optima, pi and had a different action pattern on poh saccharide 
substrates. 
The larvae of Ergates faber (Cleoptera : Cerambycidae) were shown to have 
a remarkably long digestive tract, reaching 146 mm in the 50 mm long larvae (Chararas 
et al., 1973), this is without doubt a physiological adaptation as, the food moving 
slowly through a longer digestive tract, is likely to undergo a more extended period of 
attack by the digestive enzymes. This appears to be of particular importance for the 
digestion ofcellulosebycellulasesinthegut. Chararas and Libois (1976), have also 
shown that the larvae of E. faber also possess hydrolytic activity for numerous 
substrates enabling them to utilise starch, pectin and hemicellulases such as xylan, 
araboxylan, and mannans. E. faber thrives on rotten wood, which is poor in soluble 
carbohydrates and has a low nutritional value necessitating efficient digestion in the 
gastrointestinal tract. The authors have shown that the transit time for food in the 
digestive tract is about five days at 20°C. the midgut being completely empty at the end 
of 2 days after ingestion of the food. Some residues of the food were however found 
in the hindgut even after 7 days. Chararas et al. (1983) have purified three different 
homogenous cellulases from the larvae of E. faber using ultrogel chromatography and 
10 
preparative electrophoresis. The molecular weights were found to be 25,000, 57,000, 
and 70,000 respectively and they differed in their optimum pH and thermolabilities. 
Veivers et al. (1982) cai ried out some studies on the digestive enzymes of the 
salivary glands and those from the gut ofMastotermes darwiniensis (termites). It was 
found that cellulase activity in M. darwiniensis was present mainly in the salivary 
glands (38%) and hindgut (40%). When carboxy methyl cellulose was used as a 
substrate it was found to be hydrolysed to the extent of 10 and 73% respectively by 
the salivary glands and hindgut. The authors have also reported the presence of 
cellobiase, amylase, maltase and invertase activities inM darwiniensis. 
Digestion of cellulose by firebrat Thermobia domeslica (Thysanura: Lepismatidae) 
a primitive insect was demonstrated by Zinkler and Gotze (1987). This was done by 
using uniformly labelled C14 substrate. The gut extracts of T. domestica exhibited 
distinct hydrolytic activities towards different cellulosic substrates (cellobiose, sodium 
carboxy methyl cellulose and microcrystalline cellulose). Besides cellulases, several 
other carbohydrate digesting enzymes occur in the digestive juice of T. domeslica 
reflecting the omnivorous feeding habits of the insect. 
Thomas and Nation (1984) demonstrated the presence of amylase and lipase 
activities along with other digestive enzymes in the midgut and hindgut of cricket 
Gryllus rubens, and in mole cricket Scapteriscus achetus. It was found that the 
ingested food helps to regulate digestive enzyme levels, and the crickets starved for 
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5 days were found to have only 50-60% of normal levels of the gut enzyme activity 
(amylase and lipase), implying that ingested food serves as a stimulus for enzyme 
secretion in crickets as it does in several other insects (Engelmann, 1969; Baker, 
1977). Presence of amylase and lipase activities have also been reported \x\Acheta 
domesticus, by Teo and Woodring (1985). It was found that the digestive enzyme 
produced mAcheta by the anterior hindgut tissue without a slightest doubt was lipase. 
When the total activities of amylase in different parts of the alimentary canal were 
compared, it w- s expected that caecal tissues of Acheta would contain the highest 
activity of amylase as was found in the crickets (Thomas and Nation, 1984). Surpris-
ingly enough the crop tissue contained more amylase than the ventriculus indicating that 
the foregut could play a significant role in digestion, not only as a site for action of 
enzymes from caeca, but by secretion of its own lipase and amylase. Christopher and 
Mathavan (1985) have studied the amylase and invertase activity from the midgut 
tissues of the lepidopterous larvae Calopsila crocale. The studies were directed to the 
developmental stages and food rvailability. Both the enzyme activities increased 
significantly with advancing age of the larva. The pH optima for amylase was found to 
be 7.2 and that for invertase was 6.2. It was observed that there was a direct corelation 
between the food consumption and the digestive enzyme secretion particularly in the 
case of the larvae provided food ad. libitum. More recently Abraham el al. (1992) 
have identified different amylases by analysing the digestive fluid and haemolymph in 
several strains of silk worm Bombyx mori. Inthedipausingstrainof5. mori they could 
detect negligible digestive activity at a pH range of 3-11, while non-dipausing B. mori 
was found to have higher activity at pH9.2. 
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Insect gut alkaline proteases: 
The overall nature of the proteolytic enzymes present in the gut homogenate of 
insects are in general similar to those of other invertebrate animals (Day and Waterhouse, 
1953). The responsibility for the digestion of proteins in insects is generally attributed to 
enzymes active in conditions oi slight alkalinity to slight acidity and such enzymes have 
been generally considered as similar to trypsin (Applebaum, 1985). Alkaline protease 
activities have been well documented in a number of insect larvae including the lepidopt-
eran larvae (Tablell) (Lecadet and Dedonder, 1966; Ishaaya et al., 1971; Miller et al, 
1974; Ward. 1975; Ahmad et al., 1976; 1980; Euguchi and Iwamoto, 1976; Pritchett et 
al, 1981). The lepidopteran larvae have been the subject of stud} largely due to their 
impact on economically important plants. The digestive enzymes are of interest both as 
a target for insect control and because of their unusual ability to function in the alkaline 
lepidopteran midguts (pH 10.0-12.0). 
The larvae of blowfly, Phormia regina excretes a complex of proteolytic enzymes 
into the culture media during its growth period. Brookes (^  961) had partially purified a 
proteolytic enzyme from P. regina. which has maximal activity in the pH range 7.8 - 8.3 
on casein substrate. The activity was found to be unaffected by PCMB, iodoaceticacid, 
Mg~\ Mn+", and by Na\ The enzyme hydrolysed both BAEE, and BAPA, and was 
inhibited by SBTI. f he enzyme resembled tr> psin in some properties, but was more stable 
and less soluble at acidic pH than the trypsin. Moser (1966) purified and characterised 
a protease from Calliphora erythrocephala. which was found to be inhibited by Cu++ and 
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Hg" at millmolar concentrations. Cysteine, EDTA, Mg** and Ca** were found to have no 
effect on its activity. Theproperties of the proteolytic enzymes ofthe digestive fluid from 
. the midgut ofsilkworm larvae, 5o/wZ>yx wonwere investigated by Uonet al. (1963). It 
was found that the midgut was not particularly rich in proteolytic activity as compared to 
the digestive juice. The digestive juice ofthe protease activity varied with the develop-
ment ofthe larvae. The proteolytic activity in first to sixth day of fifth instar, washigh but 
it decreased steeply at the mature larva period and nearly disappeared in the pharate adult 
stage, and again reaching a peak at about one or two days before the emergence. 
Numerous studies have also been carried out on the cocoon digesting enzymes of 
B. mori (Watanabae, 1926; and Duspiva, 1950). A proteolytic enzyme, cocoonase 
produced by silk moths during their development has been crystallised by Kafotos etal. 
(1967). Cocoonase "crystals" were found to have 80% ofthe active enzyme. It had a 
molecular weight of 25,000 and the amino acid composition was very similar to that of 
trypsin, except for the fewer half cystine residues. The cocoonase was quite stable to 
autolysis at neutral and mild alkaline pH, but was rapidly deactivated at low pH. It wa s 
found to specifically hydrolyse esters ofbasic aminoacids, thus showing specific charac-
teristic of trypsin. DIFP was found to be a potent inhibitor of cocoonase, indicating the 
presence of serine at active site. The participation of histidine at the active site was evident 
fromTLCKintabition(Kafotose7a/., 1967). Bergeref al. (1971) studied the cocoonase 
produced by galeae of silk moth, Antheraeapolyphemus. 
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The insect protease existed as the inactive precursor (Zymogen), and activated on 
proteolysis either with trypsin or subtilisin. The molecular mass of the zymogen was 
estimated to be 33,000 whereas the active cocoonase collected from the moths had a 
molecular mass of 24,500. Ion exchange chromatography and disc gel electrophoresis 
indicated that the zymogen was significantly acidic than the active cocoonase. Proteolytic 
enzymes in the midgut of pharate adult of silkworm B. mori have also been reported by 
Euguchi et al. (1972). The protease activity in the midgut was found to increase in the 
larval stages and peaked just before the emergence of the moth, and decreased markedly 
thereafter. The enzyme was optimally active at pH 9.0 and casein was rapidly hydrolysed. 
The caseinolytic activity was found to increase linearly within 2 hours. In a subsequent 
study Euguchi and Iwamoto (1976) reported the presence of two alkaline proteases in the 
midgut tissue and digestive fluid of silk worm B. mori. The pH activity profiles were very 
similar and optimal proteolysis was observed at pH 11.2. Mercuric chloride and DFP 
were strongly inhibitory although their influence was markedly greater in digestive fluid 
enzymes than those for the midgut. 
The details of the process of secretion of digestive enzymes in insects are by no 
means clear. Although some information is available concerning the synthesis and 
intracellular transport of midgut proteases in silkworm. Euguchi et al. (1982) have shown 
that approximately 90% of the proteases in the midgut tissue of the silkworm to be 
membrane bound. In another study Sasaki and Suzuki (1982) showed the presence of 
two alkaline proteases existing in the digestive juice of fifth instar larvae of 
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silkworm B. mori. These were isolated by using Amberlite IRC - 50 ion exchange 
chromatography, and soybean Bowman-Birk inhibitor Sepharose 4B affinity chromatog-
raphy. Euguchi and Kuriyama (1983) have shown the relationship between alkaline 
proteases from the midgut lumen and epithelia of the silk worm B. mori. In the study 
carried out, the authors have solubilised the enzymes from midgut epithet jal tissues of the 
silk worm, partially purified them and then compared the properties of corresponding 
luminal protease. Using BAPNA as substrate the optimum pH, pi and Km values of the 
epithelial protease were 11.4, 10.7 and 0.697 mM respectively. Both epithelial and 
luminal enzymes were inactivated by PMSF, leupeptin, STI, and LTI, indicating that they 
were of serine class and trypsin like proteases. Howeverthe two proteases differed with 
regard to sensitivity of PCMB, IAA, STI and some metal ions. 
Applebaum et al. (1964) separated three distinct proteolytic components from 
Tenebrio molitor larva (meal worm). A protease with chymotrypsin like behaviour has 
been identified from the larva of Vespa orientalis (wasps) by Sonneborn et al. (1969). 
The protease was similar to bovine alpha-chymotrypsin in its inhibition by TPCK, PMSF 
and the specificity for the clevage of oxidised insulin B-chain, but it was of far lower 
molecular weight (12,500). Hagenmaier (1971) have purified a protease from the larval 
midgut of Vespa orientalis by ion-exchange chromatography on DEAE sephadex A-50, 
ar d gelfiltration on sephadex G-75. The molecular weight was found to be 27,000 by gel 
filtration. Jany et al. (1974) have further substantiated the observations regarding the low 
molecular weight nature of the enzyme using ultracentrifugation, gelfiltration, and 
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polyacrylamide ge] electrophoresis. These authors also determined the sedimentation co-
efficient of the purified enzyme from the Vespa orientalis. Ishaaya et al. (1971) have 
reported the occurrence and preliminary properties of a protease along with other 
digestive enzyme in the larvae of Spodoptera littoralis (Egyptian cotton worm). Pro-
tease was found to be optimally active at pH 11.0. 
This work was subsequently substantiated by Ahmad et al. (1976;, in the larvae 
of a related species the army worm SJitura, with a habitat predominantly in North India. 
The alkaline protease in the larval guts of S. litura was found to increase with the 
development of the larvae and dramatically decreased with the onset of pupation. The 
optimum pH for the proteolytic activity was found to beat pH 11.0. In a subsequent study 
Ahmad etal. (1980) partially purified and characterised three alkaline proteases from the 
gut of the larvae of S. litura. The authors designated the proteases as protease-I (Mw 
17,000), protease lI(Mw 21,000) and protease III (Mw 53,000). The pH optima for 
protease I-III was found to be 11.0, 10.5 and 9.0 respectively, they exhibited a 
temperature optima of 60, 55, and 50°C. 
The enzymes were markedly inhibited by Zn^ and Cu ". while Hg" was found to 
inactivate all the three proteases completely. Activity of the proteases was however 
unaffected by Mg++, K+.Ca" and Co". All the three proteases were found to be inhibited 
by PMSF and TLCK, suggesting the essential role of a serine and histidine residues in 
proteolysis. Presence of alkaline pre teases has also been shown < the larvae of the 
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blackfly Prosimuliumfuscum (Diptera: Simuliidae) (Martin et al., 1985). The larvae 
were found to possess very high proteolytic activity in the midgut. The larvae of greater 
waxmoth Galleria mellonella (Lepidoptera: Pyralidae) are frequently used as experi-
mental hosts of insect viruses and other pathogens (Farara and Attias, 1986). 
The insect viruses propagated in G. mellonella have been shown to contain an 
associated alkaline protease activity, which appeared to be of host origin. Other workers 
have reported changes in the proteolytic, and protease inhibitor activities in G. mellonella 
larval tissues under physiological and pathological conditions (Kucera et al., 1984; 
Kucera and Weiser, 1985; Hamed and Attias, 1987), isolated, and partially characterised 
two alkaline proteases from the whole body extracts of the larvae of G. mellonella. The 
proteases were separated by cation exchange chromatography on CM-Sepharose CL-
6B and were further purified by gel filtration on ultrogel ACA-54. The optimal pH of 
proteolysis using azocoll as a substrate was 10.5 for protease-1 (p-I) and 11.2 for 
protease-II (p-II). The molecular weights as determined by gel filtration were found to 
be 12,500 and 10,500 respectively. PI was inhibited by SBTI, TPCK, TLCK, and 
activated by non-ionic detergents. P-II was inhibited by SBTI, 4-aminobenzamide, 
ovomucoid and activated by dithiothreitol. Both the enzymes were sensitive towards 
PMSF. 
The major proteases of grass grub Costelytra zealandica (Cleoptera: 
Scarabaeidae) larval midgut have been identified, partially purified, and characterised by 
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Christeller etal. (1989). The identification was made initially on the basis of hydrolysis 
of synthetic substrates (blocked and partially blocked esters and amides of specific 
aminoacids), thus classifying the activities into different classes of endo and exopeptid-
ases. A range of inhibitors specific to different classes of proteases were used to confirm 
the presence of trypsin and chymotrypsin like activities. The dominant endopeptidase in 
the midgut was found to be trypsin like, which was present in four molecular forms, 
distinguishable by net charge, but indistinguishable in terms of Michaelis-Menten param-
eters (k and k ) or in molecular weight (23,000). The pH optimum was found to lie 
between pH 9-10. 
Johnstone/ al. (1991) partially purified and characterised the serine protease 
activity from the larval midguts of Helicoverpa armigera (cornear worm). The major 
activity was found to be associated with the midgut contents. Characterisation of this 
protease using BAPNA as a substrate, gave a pH optimum of 9.5 - 10. Inhibition was 
affected by TLCK but not with TPCK, this indicated trypsin like activity. Comparision 
between the insect protease and bovine trypsin revealed differences in inhibitory sensi-
tivity. The insect protease being unaffected by OMTI, whilst showing greater inhibition 
by chymostatin and SBTI. Unlike the bovine tryps.n the insect protease was not affected 
by calcium ions or divalent chelating agent EDTA. Partial purification by ion-exchange 
chromatography, followed by SDS-PAGE showed that the protease activity was largely 
associated with a polypeptide of Mol. wt. 24,000. 
20 
Proteases from the larvae and adult stages ofNippostrongylus brasiliensiswere 
investigated by Healer et al. (1991) using combination of techniques like gelatin 
degradation and cleavage of fluorogenic substrates. In an interesting study Gr&fetal. 
(1991) have purified mosquito trypsin using a combination of ion exchange and affinity 
chi omatography with the ligand SBTI. Amino terminal sequences of trypsin s from Aedes 
aegypti and Anophele quadrimaculatus (mosquito) revealed homologies of 30-40% 
with vetebrate and other invertebrate proteases previously identified as serine proteases. 
The purified mosquito trypsins were found to be of 25 KD and 36 KD as determind by 
SDS gels. These proteases are believed to be specialized in the digestion of vertebrate 
blood in mosquitoes. 
A partial characterisation of the proteases present in third-instar larvae of 
Necator americanus has been carried out by Kumar and Pritchard (1992). The larvae 
were found to possess gelatinolytic protease activity at pH 8.5. In a more recent 
publication Christeller etal.(\ 992) have demonstrated the presence of alkaline protease 
activity in the midguts of twelve phytophagous lepidopteran larvae. A cuticle degrading 
proteinase from the moulting fluid of the tobacco horn worm Manduca sexta has been 
purified by Samuels et al. (1993). The protease -. as found to be trypsin-like, on the basis 
of its substrate specificity and inhibition by SBTI. Its molecular mass was found to be of 
41 KD. The protease was found to be inhibited by DFP and PMSF, which are specific 
inhibitors of serine proteases. However the protease fromM sexta was also found to be 
inhibited by cysteine protease inhibitor E-64 and by sulphydrl reagents PCMB and the 
21 
Ellman's reagent DTNB. Additionally, the enz^ me activity slightly increased by thiol 
reducing agents 2-mercaptoethanol and DTT. .s would be expected for a cysteine 
protease. Another trypsin like enzyme has been purified from spruce bud worm 
ChoristoneurafumiJ, ma gut juice by Milne and Kaplan (1993). 
The molecular mass was found to ieof25 KD, and a pH optima of 8.0. Sequence 
homology with bovine trypsin of the N-termini.is reflected'.ypical trypsin like structure. 
The amino acid sequence (Figure 1) of an alkaliphilic serine protease from silk worm B. 
niori larval midgut digestive juice has been deduced (Sasaki et al., 1993). The protease 
was lound to have 232 aminoacids, and a catalytic triad, Asp-His-Ser, invariably found 
in serii e proteases. The full length cDNA for a tryr ;in related protein expressed during 
larval pupal metamorphosis was obtained (Jones et al. 1993). The encoded N-terminal 
half o rthe protein possessed similarity to trypsin like proteases, including the correctly 
positioned histidine and aspartic acid mei bers of the catalytic triad. However the 
remainder of the encoded protein was found to bear little resemblance to trypsin, and the 
canonical sequence containing the catalytic serine residue was altogether missing. 
Ramos et al. (1993) have isolated and partially characterised two gut specific 
genes from the black fly Simulium vittatum. Both the genes were responsible for 
encoding trypsin-like and carboxy peptidase like proteins. Sequt nee analysis revealed 
that both are highly similar to digestive proteases. The digestion pattern of procasomorphin, 
a putative precursor of beta-casomorphins (beta-casein-derived opioid peptides), by gut 
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proteases from the plant parasite insect Heliothis zea (pod borer) has been determined 
(Petrilli et al., 1994) to evaluate the possibility of introducing the gene encoding this 
peptide in order to confer the resistance to damage in plants by the insects. The method 
used was based on the possibility of deducing the sequence of fragments produced by 
proteases at different times of digestion by means of automatic Edman degradation 
performed on the fragment mixtures without any purification steps. 
Peterson et al. (1994) have purified trypsin from the midgut of M. sexta and 
shown that it has an alkaline pH optimum of 10.5. These workers isolated three different 
trypsin cDNAs, each of which encodes a preproenzyme of 256 aminoacids with a putative 
signal sequence of 17 amino acids, an activation peptide of seven aminoacids and a 
mature trypsin of 232 aminoacids. The encoded midgut trypsins contained highly con-
served residues Asp, His, Ser, involved in catalysis in serine proteases. Sequence 
comparision showed quite a similarity between other invertebrate and vertebrate serine 
proteases. A large number of arginines (19, 20 and 21) are encoded by three cDNAs 
which may stabilize the trypsin, by remaining protonated, in the alkaline midgut of M 
sexta. Various protease inhibitors active against both trypsin and chymotrypsin like 
serine proteases were used to characterise gut proteases from Lucilia cuprina (sheep 
blow fly) (Casu et al., 1994). Significant larval growth retardation was observed on 
feeding first instar larvae with trypsin inhibitors, particularly soybean trypsin inhibitor. 
Feeding of chymostatin, a specific chymotrypsin inhibitor, resulted m no significant 
growth retardation. This information suggested that trypsin-like serine proteases are 
24 
probably the major gut digestive enzymes. In a subsequent study Casu etal. (1994) also 
purified two chymotrypsin like p oteases from the secretory and excretory material of first 
instar larvae of L. cuprina. The purification ofthese proteases was achieved by affinity 
chromatography on soybean trypsii inhibitor-sepharose followed by an ion exchange and 
hydrophobic interaction chromatographies. The deduced aminoacid sequence showed 
many of the structural features of serine proteases as well as significanti-mino acid 
sequence homology with chymotryp sins from a diverse range of species. 
In a more recent study Michaud et al. (1995) have carried out studies on the 
biochemical interactions between digestive proteases of coleoptera pest black vine 
weevil Otiorynchus sulcatus and two plant cysteine protease inhib itors, oryzacystatin 1 
(OC I) and oryzacystatin II (OCII). They were assessed using gelatin polyacrylamide gel 
electrophoresis, OCI-affinity chromatography and recombinant forms ofthe two plant 
inhibitors. The insect proteases were resolved into five major bands, only three of them 
being partially or totally ii activated by OC-I and OC-II. There was an app.rent 
susceptibility of OC-II to proteolytic cleavage by the insect proteases. This could have 
major implications when planning the use of cyst?tins for insect pest control. 
While endopeptidases represent the primary proteolytic enzymes in protein 
digestion in the lepidopteran midgut lumen, which effect a decrease in the molecular 
weight ofthe food protein molecules generating products which can cross the peritrophic 
membrane (Ferreira and Terra, 1989). The exopeptidase activities have been well 
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documented in several insect orders: Cleoptera (Christeller et al., 1989; Ferreira and 
Terra, 1989), Diptera (Gooding and Rolseth, 1976; Billingsley, 1990), Hemiptera. 
(Housemam and Downe, 1981) and Orthopte. a (Christeller et al, 1990) although, to 
date, relatively little information is available concerning the presence and properties of 
such enzymes in lepidoptera 
In a recent study Lee and Anstee( 1995) have demonstrated the presence, and 
properties of the N-terrnmal exopeptidases leucine aminopeptidase, cystinylaminopep-
tidase and dipeptidyl aminopeptidase IV, in the midgut tissue of' Spodoptera littorohs a 
lepidopteran larvae. The optimum activity of these peptidases was found to lie between 
pH 7.5 - 8.5. The molecular weights of leucine and cystenyl aminopeptidases were 
estimated to be about 116 KD. Protease activities in the midgut contents of larvae of the 
tobacco budworm, He Hothis virescens, were investigated by Johnston et al. (1995). 
Two major activities were present, a trypsin like enzyme hydrolysing synthetic subst rate 
BAPNA and strongly inhibited by TLCK, and another enzyme which behaved more like 
chymotrypsin. Both the activites had a strongly alkaline pH optima, in the pH range 10-
11. 
To date very few studies have given significant insight into mechanismby which 
enzyme are able to remain active in the extremely alkaline lepidopteran midgut. However 
in a recent publication Peterson et al. (1994) suggested that trypsin like activity in A/. 
sexta (lepidoptera) is stabilised by a large number of arginine residues which 
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remain charged at high pH. In order to understand and have an insight into the proteolytic 
activity a chymotrypsin like enzyme from the midgut of M. sexta has been purified, 
characterised and the cDNA encoding the protein has been cloned (Peterson et a/., 
1995). The maximal proteolytic activity was found to be between 10.5 and 11.0. The 
protease was found to be inhibited by TPCK, PMSF, chymostatin and DFP. A one 
kilobase chymotrypsin cDNA clone was isolated and sequenced. 
Industrially Important Alkaline Proteases 
Proteases constitute one of the most important groups of industrial enzymes, 
accounting for at least 25 percent of the total enzyme sales. Several of these enzymes are 
being put to use in detergent, brewing, leather, dairy and food processing industries 
(Kalisz, 1988). The proteases like trypsin and chymotrypsin have been immobilized -
stabilized as a tool to improve the industrial design of peptide synthesis (Blanco et al.. 
1991). Synthesis of dipeptides benzoyl-argini le-leucinamide and kyotrophin catalysed 
by highly stabilized derivatives of trypsin and chymotrypsin have been performed by these 
authors. They thermodynamically controlled the synthesis catalysed by trypsin after 
optimisation and 97 percent of conversion was obtained in 90% organic co solvents. 
About 100% yields were achieved in kinetically controlled synthesis catalysed by trypsin 
in aqueous media in presence of 1M ammonium sulfate. In the course of a search for an 
alkaline stable protease for industrial use, an alkaline protease (protease ByA) was 
isolated from an alkalophilic Bacillus Sp.Y, and its properties were characterised by 
Shimogakie/a/. (1991). The ^H optima was found to be# 10.0-12.5, when casein was 
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used as a substrate. In addition to the stability of protease ByA at pH 6.5 -13.0, it was 
also found to be active in various surface-active agents, such as sodium dodecyl and 
sodium alkylbenzene sulfonate. The protease ByA was found to be most active at 70°C. 
It was characterised as a serine protease because of its sensitivity to PMSF and DIFP. 
The protease seems to be related to other proteases of subtilisin family, such as subtilisin 
BpN', subtilisin Carlsberg and other proteases. An extracellular low molecular weight 
alkaline protease has been purified to homogenity from the culture filtrate of Conidobolus 
coronatus (NCIM 1238) by Sutar ei al. (1991). The authors could achieve a 12-fold 
purification. The enzyme was found to have a pH optimum of 9.7 and temperature 
optimum of 45°C respectively. This alkaline protease was characterised as a serine 
protease, and it also showed esterolytic activity on BTEE. The protease from C. 
coronatus was successfully employed to resoh c the racemic mixture of D,L-phenylglycine 
and can thus potentially replace subtilisin Carlsberg in resolving the racemic mixture of 
amino acids. 
An alkaline protease "Alcalase'" is a proteolytic enzyme isolated from a selective 
strain of Bacillus licheniformis. The major enzyme component in alcalase is subtilisin 
Carlsberg (alkaline protease A), which is a serine protease and is widely used as an 
additive in detergents and as a digesting enzyme. Chen et al. (1991) have found that the 
alcalase can maintain activity and stability in organic solvents and can be successfully 
employed in the kinetic resolution of N-protected amino acid esters in organic solvents. 
Microbial proteases are used extensively in a large number of industrial processes and 
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most importantly in detergent formulations facilitating the removal of proteinaceous 
stains. Von der Osten et al. (1993) have employed site-directed mutagenesis in the 
construction of subtilisin variants which resulted in improvement of storage and oxidation 
stabilities. 
A thermostable alkaline protease from an alkaliphilic thermophile Bacillus Sp. 
B18' was purified (Fujiwara et al., 1993) using DEAE-md CM-Toyoperase 650M 
chromatographies. The optimumpH and temperature towards the hydrolysis of casein 
were pH 12-13 and 85°C. The enzyme has a potential for use in various industrial 
applications. The substitution of chemical depilatory agents in the leather industry by 
proteolytic enzymes produced by Bacillus species has an important economical and 
environmental impact, and such a protease has been reported from Bacillus sp. by 
Loperena et al. (1994). 
Great efforts in seeking environmental preservation and energy savings have 
developed some special heavy duty detergents containing zeolites and enzymes for use in 
developed countries (Murata, 1987). Sato et al. (1988 a,b) found that not only protein 
or sebum oils, but also particulate soils were effectively removed from cotton fabrics by 
detergents containing protease or lipase enzymes. In a subsequent study Sato et al. 
(1990) have studied the effect ofbuilders generally used in the detergent formulations, on 
the activity of protease from Bacillus stearothermophilus (Toyozyme NP), used in 
detergent formulations. It was found that addition of anionic builders lowered the 
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proteolytic activity, and the non it lie builders enhanced the proteolytic activity. One of 
the major industrial use of thermostable and detergent compatible proteases is in the 
laundry and detergent formulations (Tilburg, 1984). 
Although subtilisins have been the enzymes of choice for detergent formulations 
(USpatentNos. 1240058,374971,370482 and 4266031 and UKpatentNo. 13155937), 
these are not the ideal detergent enzymes due to low thermal stability especially in the 
presence of detergents and short half life on the shelf (Samal et al., 1990). Recently, 
modified subtilisin have been generated with greater thermal stability by means of site 
directed mutagenesis technique (Bryan et al.. 1986). In a more recent report Samal et 
al.{\990) have isolated two novel enzymes from the fungus Tritirachium album limber. 
The proteases termed as proteinase R and T, were found to be extremely stable in the 
presence of detergents at high temperature. Both the enzymes R and T were found to be 
alkalin/ in nature. Protease R-was found to be stable at pH 7.0 -10.0 while protease T-
was stable at pH 9.0 -12.0. The molecular mass of protease R-was 30,000 Daltons while 
protease T-was of 33.000 Daltons. The optimal temperature for the proteinase R and T 
was found to be 55°C and 60°C. The stability of protease R and T in a detergent 
formulation which does not contain any protease per se were also tested. The stability of 
protease T, was found to be excellent in all the detergent formulations tested. Protease-
R was also extremely stable in the detergents tested except that it had lost upto 50% of 
its activity by 1 hour at 50°C. Protease T was active by 90% till 60 min at 50°C, while 
protease R lost its activity by 50% after 10 min at 50°C. (Samal et a/., 1990). The authors 
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(Samal et al., 1990) feel that the use of protease T in detergent formulations is 
advantageous over protease R. In a more recent publication Phadatare et al. (1993) have 
reported the production of high activity alkaline protease from Conidobolus coronatus 
(NCL 86.8.20). The protease from C. coronatus was tested for its compatibility with 
commercial detergent formulations, and it was able to cleave various protein substrates. 
The broader specificity of the alkaline protease implies its potential to be used in detergent 
formulations as it would be effective against a wide variety of stains. 
The protease retained more than 80% of its activity in presence of commercial 
detergent preparations upto 60 min at 40°C. The C. coronatus alkaline protease showed 
a high level of stability upto pH 8.5, and there was no loss in the activity upto 40°C. 
Currently there exists a considerable interest in the identification of alkaline pr leases 
which are effective as detergent enzymes when used at ambient rather than elevated 
temperatures. This is essentially due to the energy cost involved in heating the water for 
washing. 
More recently Chen et al. (1995) have reported the physico chemical properties 
of the alkaline proteases substilisin carlsberg and alcalase in organic solvent ethanol. The 
enzymes being industr ally important especially in detergent formulations the studies were 
carried out with a view to stabilize them and to increase their shelf life. The soluble 
enzymes were found to have a half life of 36 hr and that of the ethanol suspended enzymes 
was about 50 hrs. The stability of the enzymes incubated in ethanol was found to decrease 
as water concentration increased. 
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Reasons for undertaking this work 
The biotechnological potential of extremophilesis being realised in recent years. 
These organisms are being investigated for their ability to function in enironmentsthat are 
not compatible with theenzymesproducedbythemesophiles. Proteases acting at highly 
alkaline pH are sought after as important consthuentsin detergent formulations and for use 
in tanneries There are very fewnatural environmentsthat provide ideal conditions for the 
growth of alkalophiles (Kroll, 1986). For this reason many of the alkaline hydrolases are 
currently isolated from mesophillic organisms, considering that the gut ofthe lepidopteran 
larvae exhibit highly alkaline pH and the enzymes acting therein are known to act optimally 
at highly alkaline pH, thus it was considerd of interest to investigate the potential ofthe 
lepidopteran gut enzymes, protease in particular aspotential detergent additive and in stain 
remover formulations. 
EXPERIMENTAL 
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Materials 
Chemicals used in the present study were obtained from the sources indicated 
against their names. Glass distilled water was used in all the experiments. 
Chemicals 
Acetic Acid 
Acrylamide 
Ammonium Persulfate 
Ammonium Sulfate 
Arier 
BAEE 
BAPNA 
BAME 
Bovine Serum Albumin 
Bromophenolblue 
Budget 
Casein 
Coomassie brilliant blue G-250 
Coomassie brilliant blue R-250 
Cyanogen bromide 
DE-52 
DMSO 
Source 
SRL, India 
Sigma Chemical Co., U S A . 
SRL, India 
SRL, India 
Procter and Gamble,India. 
S ^ma Chemical Co.,U.S.A. 
Sigma Chemical Co., U.S. A 
Sigma Chemical Co., U.S.A 
SRL, India 
BDH poole, England. 
Hindustan lever Ltd., Bombay,India 
ICN, U.S.A. 
Sigma '"hemical Co., U.S.A. 
Sigma Chemical Co., U.S.A. 
SRL, India 
Whatman Co., England 
Sarabha Chemicals, 
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EDI A 
Folins phenol reagent 
Formaldehyde 
Gelatin 
Glutaraldehyde 
Haemoglobin 
Isopropanol 
2-mercaptoethanol 
Methanol 
NN'-methylenebisacrylamide 
Nirma" 
Nonidet p-40 
Ovalbumin 
Para nitrophenylpalmitate 
Sephadex G-100 
Sepharose4B 
Sodium carbonate 
Sodium chloride 
Sodium lauryl sulphate 
Starch 
SURF% 
BDH , India 
SRL., India. 
BDH, India. 
Sigma Chemical Co., U.S.A. 
Ubichem, England. 
Sigma Chemical Co., U.S.A. 
Qualigens, India 
E.Merck, Germany. 
E. Merck, India. 
Fluka, A.G.,Switzerland. 
Nirma Chemicals, Ahmedabad, 
India 
Sigma Chemical Co., U S A 
Sigma Chemical Co , U.S.A. 
Sigma Chemical Co., U.S.A. 
Pharmacia Fine-Chemicals, Sweden 
SRL, India. 
Qualigens, India. 
Qualit >ns, India. 
Sigma Chemical Co., U.S.A. 
E. Merck India 
Hindustan lever Ltd., Bombay, India. 
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TLCK E. Merck, Germany 
TPCK E.Merck, Germany 
Tris hydroxy methyl amino methane Sigma Chemical Co.,U.S. A. 
Trypsin SRL, India. 
All other reagents used in the present study were of highest purity grade t ommercially 
available. 
Glass distilled water was used in all the experiments. 
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Methods 
I. Rearing of Insects: Insects were reared at 28 ± 1°C in a B O D . incubator in 
insect rearing jars. The moths collected from the field were fed upon sucrose solution. 
This was done with the help of cotton dipped in the sugar solution wrapped around a 
microscopic slide, which was kept in upright position at the bottom of the jars. Vertical 
strips of paper were kept in the jars for egg laying. The hatching of the eggs required about 
a week, and the emerging larvae wee fed with castor leaves ad libitum. It was necessary 
to clean the jars daily to remove the faeces. Fifth instar larvae, unless otherwise mentioned 
were used throughout the studies. Since sex was not discernible during the larval stage, 
it is quite probable that the samples were derived from both the sexes. Normally one cycle 
required about 30 days for completion. 
II. Isolation and Purification of the Alkaline Protease 
(a) Isolation of gut contents: The fifth instar larvae were used throughout the course of 
the present study, unless otherwise mentioned. The fifth instar larvae that measured 
approximately 5 cms in length were dissected, their guts carefully removed with the help 
of a forcep and collected in ice-cold 0.9% NaCl. The contents were squeezed out by 
gently tapping the intestines without causing major damage to the gut. The contents were 
centrifuged at 4°C at 4000 rpm for 20 minutes, the supernatant filtered through a whatman 
filter paper and used as enzyme source. 
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(b) Ammonium Sulfate fractionation To 100 ml of the gut homogenate obtained from 
the insect guts of S. obliqua, 39 grams of solid ammonium sulfate was added and 
dissolved by slow stirring at 4°C (60% Saturation). After 10-12 hours, the resulting' 
precipitate was collected by centrifugation at 5,000 rpm for 20 minutes. The precipitate 
was dissolved in minimum amount of 0.05M Tris buffer pH 8.0, and dialysed extensive1 y 
against the same buffer to remove the ammonium sulfate. 
(c) Ion-exchange Chromatography: DE-52, ion exchanger was used for the purifica-
tion of alkaline protease, from S. obliqua. The ion-exchanger resin was kept in distilled 
water and was allowed to swell. After the complete setting of the resin, fines were 
removed by careful decantation. This step was repeated till most of the fines were 
removed. For regeneration the ion-exchanger was suspended in five times the volume of 
it in 0.5 N HC1 for half an hour. It was washed on a Buchner funnel until the pH of the 
filtrate was neutral. It was then treated in 0.5N sodium hydroxide for the same period of 
time and again washed with distilled water until the pH was neutral. The DE-52 ion-
exchanger was then uspended in the operating buffer to get a homogenous slurry. 
Suitable amount of ion-exchanger was taken and poured into a clean vertically mounted 
glass column. The column was gradually packed at a flow rate of 40 ml/hour. The column 
was loaded with protein and then extensively washed with operating buffer to obtain the 
unbound protein. Elution of the protein was performed with a linear gradient of (0 -1.0 
M) NaCl in 0.05M Tris pH 8.0. Four ml fractions were collected and assayed for protein 
and protease activity. 
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(d) Affinity chromatography: Sepharose4B was activated as described byPorathe/ 
al. (1967). Ten grams of Sepharose was washed thoroughly with distilled water in a 
sintered glass funnel. The gel was sucked dry and suspended in 10 ml of distilled water 
and 10 ml of 2.0 M Na^C03 was added and mixed thoroughly by placing on a magnetic 
stirrer. Two grams of CNBr dissolved in 2.0 ml acetonitrile was added to the beaker 
containing Sepharose and mixed thoroughly in cold for 10 minutes. The whole mass was 
then transferred immediately to a glass sintered funnel and washed thoroughly with 0.1M 
bicarbonate buffer pH 8.5, distilled water and again with buffer. After thorough washing 
the activated sepharose was dried and resuspended in 10 ml of 0.1M bicarbonate buffer 
pH 8.5. Required amount of Hb (5-25 mg/grgel) was dissolved in the same buffer and 
stirred with CNBr activated sepharose for 24 hours at 4°C. The sepharose matrix with 
bound Hb was separated by centrifugation and protein in the supernatant was quantitated 
in order to calculate the amount of Hb immobilised. The Hb bound matrix was thoroughly 
washed with 0.1M bicarbonate buffer pH 8.5 containing 1.0M NaCl. This washed 
suspension was treated with 0.1 ml of 98% ethanolamine for 2 hours at 4°C. The Hb 
matrix was then successively washed with 0.1M sodium bicarbonate pH 8.5, containing 
1 0M NaCl, distilled water and finally with 0.1M sodium acetate buffer pH 4.5. The Hb-
bound on the sepharose 4B was then suspended in the operating buffer (0.1M Tris pH 
8.0). Affinity chromatography of th- alkaline protease was carried out as described by 
Smith and Turk (1974). Thirteen mg DEAF purified protease in 0.1M Tris pH 8.0 was 
applied on Hb-Sepharose (10 grams) resin containing 15 mg of the Hb per gram of gel. 
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equilibrated with the same buffer. The protease was allowed to bind on the matrix for 4 
hours at 4°C. Then the resin was packed in a column of 1.5 cm diameter x 10 cm in length. 
The column was washed extensively for the unadsorbed protein with 0. lMTris buffer pH 
8.0, until the effluent had a constant absorbance at 595 nm. The protein was then eluted 
withO. IMTrispH 8.0 containing lMNaCl. Two ml fractions were collected. Protease 
activity was carried out according to Kunitz (1947) and the column was monitored for the 
protein content as described by Bradford (1976). 
(e) Estimation by the Dye binding method: Most of the protein analysis in the crude 
gut contents were made according to the procedure described by Bradford (1976). This 
was done in view of the presence of high concentration of plant phenols in the preparation 
and the tolerance of the method towards them (Ahmad and Saleemuddin, 1981). Suitably 
diluted aliquots of the enzyme solution containing 10-100 ng protein in a volume upto 0.1 
ml was pipetted out in a test tube. The volume in the test tube was made upto 0.1 ml with 
0.1M Tris-HCl buffer, pH 8.0. 5 ml of the reagent (0.01% w/v coomassie brilliant blue 
G-250,4.7% absolute alcohol and 75% (w/v) orthophosphoric acid) was added to the 
test tubes and the contents were mixed by vortexing. The absorbance was measured at 
595 nm after 10 minutes. For comparison a blank was prepared in an identical manner 
except that 0.1 ml of appropriate buffer was used instead of protein solution. A calibration 
curve was prepared using BS A as a Standard. 
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I I I . Enzyme Assays 
(a) Determination of protease activity Protein activity was measured according to the 
method of Kunitz (1947) using 2% casein as a substrate. For this purpose 0.5 ml of casein 
prepared in 0.1M phosphate buffer of appropriate pH was incubated with equal volume 
of suitably diluted enzyme. After incubation at 37°C for 15 minutes the reaction was 
terminated by the addition of 0.5 ml of 20% (w/v) TC A and the acid soluble peptides were 
quantitated using Folin-phenol reagent (Lowry et al., 1951). Appropriate blanks were 
used in all the experiments. One unit of the protease is the amount that caused the 
formation of 1 ug of TC A soluble Lowry positive material per minute. 
(b) Determination of Amylase activity: Amylase activity was determined essentially as 
described by Bernfeld (1955), in a total volume of 1.0 ml. The reaction mixture comprised 
of 10 mg starch, 0.3 ml of 0.1 M phosphate buffer of appropriate pH, alongwith suitably 
diluted enzyme. The reaction was carried out at 37°C for 30 minutes and was subse-
quently terminated by the addition of the dinitro salicylate reagent. One unit ofthe amylase 
is the amount that caused the formation of 1 ug of glucose equivalents liberated per minute 
under the experimental conditions. Readings were taken at 550 nm on a Bausch and Lomb 
Spectrophotometer. 
(c) Determination of lipase activity: For the determination ofthe lipase activity, the 
reaction mixture comprised of 50 mM p-nitrophenyl palmitate in 0.1M phosphate buffer 
of appropriate pH and suitably diluted enzyme. The substrate was dissolved in acetonitrile 
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and not more than 20 ul of the solvent was added to the assay cuvette. The released 
p-nitrophenolwasquantitatedbymeasuringitsabsorbanceat418nmaftertenninatingthe 
reaction with 50 ul of 5N NaOH. Under the experimental conditions, one unit of the lipase 
is the amount that caused the liberation of 1 ug of para-nitrophenolper minute. 
(d) Determination of peptidase activity: Peptidase activity was measured by the method 
of Erlanger et al. (1961) as described by Arnon (1970). The substrate solution was 
prepared by dissolving 43.5 mg of BAPNA hydrochloride in 1ml ofDMSO and diluting the 
solution in 0.1M Tris buffer, pH 8.0 to 100 ml (care was takento ensure that all the BAPNA 
was dissolved prior to the addition ofbuffer). To 0.2 ml of appropriately diluted enzyme, 
0.8 ml of 0.1M Tris-HCl buffer pH 8.0 was added followed by 2.0 ml of the substrate 
solution. After 30 minutes ofincubation at 40°C the reaction was terminated by the addition 
of 1 ml of 30% (v/v) acetic acid. The quantity of the liberated p-nitroanilide was estimated 
spectrophotometricaDyat410nm. The amount of substrate hydrolysed by the enzyme was 
calculated using molar extinction coefficient of 8800 M1 cm'1 for p-nitroanilide at 410 nm. 
Under the experimental conditions, one unit of peptidase activity is the amount that causes 
the hydrolysis of lumoleofBAPNAper minute. 
(e) Determination of esterase activity: The esterase activity was determined according 
to the method of Schwart and Takenaka (195 5) using B AEE and B AME as the substrate. 
The reaction mixture in a total volume of 3.0 ml contained 50 ug of B AEE/BAME in 0.1M 
Tris-HClpH 8.0 containing 0.05M CaClj and appropriately diluted enzyme. Alterations in 
the absorbance at 253 nm were followed at 30°C in a Beckman DU Spectrophotometer. 
The amount of substrate hydrolysed by the enzyme was calculated using the molar extinction 
41 
co-efficient of 808 M l cm1 at 253 nm. One enzyme unit is equivalent to the amount that 
causes hydrolysis of lumole of substrate per minute. 
IV. Gel Electrophoresis 
(a) Poly acrylamide gel electrophoresis (PAGE): PAGE was performed essentially, 
according to the method of Laemmli (1970), using a slab gel apparatus manufactured by 
Biotech. India Ltd. Concentrated stock solutions were mixed in appropriate order and 
proportions to give a concentration of required percent of acrylamide. After polymerisation 
was complete, samples containing the protein were mixed with bromophenol blue and 
10%(v/v) glycerol were applied to the slab gel. Electrophoresis was performed at 100 volts 
till the tracking dye reached the bottom of the gel, using a constant power supply ofAtto, 
Japan. 
(b) SDS-Polyacrylamide gel electrophoresis (SDS-PAGE): Tris Glycine System of 
Laemmli (1970) was followed for SDS-PAGE. Routinely a 7.5% acrylamide gel was used. 
Stock solutions of 30% acrylamide containing 0.8% bis-acrylamide, 1. 5M Tris (pH 8.8 and 
6.8) and 10% SDS were prepared. Samples were prepared to give a final concentration of 
1% (w/v) SDS, 0.5% (v/v) B-mercaptoethanol, 0.25 M, Tris-HCl 6.8 and 10% (v/v) 
glycerol and a trace of the tracking dye bromophenol blue. Samples were then heated in a 
boiling water bath for about 3 minutes. The electrode buffer contained 0.025M Tris, 0.2M 
glycine and 0.2% SDS (pH 8.3). 
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(c) Coomassie brilliant blue Staining: After the completion of electrophoresis the gels 
were stained for the protein with 0.1 % coomassie brilliant blue-R 250 in 40% isopropanol, 
10% acetic acid overnight. The gel was destained in 10% acetic acid till the background 
became clear. 
(d) Silver Staining: After the electrophoresis, the gels wherein the protein purification 
was monitored were also stained with silver nitrate For this purpose the gels were 
immersed in a mixture of 40% methanol and 10% acetic acid, for 1 hour with constant 
shaking for fixation. The gel was washed twice with a mixture of 10% methanol and 5% 
acetic acid, each wash was carried out for 15 minutes to allow the gel to swell to normal 
size. 
The gel was then soaked for 15 minutes in 3-4 mM potassium dichromate solution 
containing 3.2 mM nitric acid, and washed with distilled water, and again soaked in silver 
nitrate (12 mM) solution for 20 minutes, with regular shaking. After washing with distilled 
water, the gel was transferred to 280 mM solution of sodium carbonate containing 
formaldehyde to make the incubation medium alkaline. After 10 minutes the reaction was 
complete, and was stopped by suspending the gel in 3% acetic acid solution for 5 minutes, 
and washed 4-5 times with distilled water. Special care was taken, such that the gel was 
untouched by hand, as the silver stain being very sensitive, could even detect the finger 
prints if any on the acrylamide gel. 
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V. Molecular Weight Determination 
(a) Sephadex G-100 column chromatography: A column of Sephadex G-100 was 
prepared according to the standard procedure of Pharmacia Fine Chemicals, Sweden. 
For the determination of molecular weight, a required amount of Sephadex G-100 was 
allowed to swell in a suitable amount of distilled water for 5 hours in boiling water bath. 
A glass column previously cleaned with chromic acid, detergent, water and distilled water 
mounted vertically and glass wool plugged alongwith glass beads at the bottom. The 
column was filled one third of its length with the operating buffer. The slurry was gently 
poured into the column with the help of a glass rod. The column was left standing for about 
one hour and after the gel had settled to some extent, the stop-cock was opened and the 
flow rate was adjusted gradually. The column was thoroughly washed with operating 
buffer (3-4 times the bed volume) to avoid the shrinking of the bed height. The packed 
dimension of the Sephadex was 2.1 x50cm.To check the uniform packing and to deter-
mine the void volume (Vo) of the column, 0 2 percent blue dextran solution was passed 
through the column. The volume of blue dextran solution used was always 2 percent (or 
lower) of the total bed volume of the column. The column was washed by passing at least 
two bed volumes of the eluant. The buffer was then removed from the gel surface and 
protein solution (2-3 percent of the total bed volume) was carefully applied with the 
applicator to avoid disturbance of the gel surface. 
(b) SDS - Poly acrylamide gel electrophoresis rElectrophoresis was carried out as 
described by Laemmli (1970) using a 7.5% acrylamide gel. Molecular weight of the 
alkaline protease was determined from the mobility of the marker proteins as described 
by Weber and Osborn (1969). 
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VI. Statistical Analysis: 
Standard deviation for various experiments was determined using the formula 
/Zx2 - x". £x 
- y — 
Where x=Experimental value 
x~= mean value 
n=number of observations 
RESULTS 
45 
Life cyc le of Spilosotna obliqua- Spilosoma obliqua, popularly known as the 
Bihar hairy caterpillar occurs predominantly in North and North-West regions of India 
and causes extensive damage to legumes, castor and other vegetable crops. In captivity, 
the life cycle of S. obliqua spans about 30 days. Majority of the life span of S. obliqua 
comprises of the larval stages spaning six instars. Various stages of the development of 
S.obliqua are shown in Figure 2. Right after egg hatching the emerging larvae start 
feeding on the fresh castor leaves that were the sole source of food for the entire larval 
stage. The food consumption of the larvae increases till the beginning of the alterations 
leading to pupation. The pupal stage lasted for about a week after which the moths 
emerged. The female moths reared on sucrose solution quickly lay a large number of 
eggs. Eggs, sixth instar larva, pupa and moth are shown in (Figure 2). While a magnified 
view of the fifth instar larvae mainly used in this study is shown in Figure 3. 
Protease activity and protein concentration during the larval devel-
opment- Proteolytic activity and protein content from the gut contents in the larvae of 
various instars were investigated. As shown in Figure 4 there was a gradual increase both 
in the protein and protease concentration of the gut content s from the first instar to fifth 
instar larvae. Maximum protease activity was present in the gut contents of the fifth instar 
larvae, whose value was clearly greater than that of the sixth instar larvae. The variation 
of the gut content protein r iralleled with that of the protease activity and the specific 
activity was found to be maximum in fourth instar larvae. However the fifth instar larvae 
were selected for the study because of the availability for larger amounts of enzyme 
inspite of the somewhat lower specific activity. 
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Figure 2: Different stages in the life cycle of & obliqua. 
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Figure 3: A magnified view of the fifth instar larvae of .V. obliqua feeding on a castor leaf. 
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Figure 4: Age dependent variation in the total protein and protease activity at pH 
11.0 in the gut contents of the larvae of.V. obliqua: Larvae of various instars 
were dissected aid their guts isolated in ice-cold 0.9% NaCl. The contents were 
squeezed out by gentle tapping. The contents we re centrifiiged at 4°C at 4000 rpm 
for 20 min, the supernatant filtered though aWhatman filter paper and the filtrate 
analysed for total r • otein and proteolytic activity (mean + SD. n=3). 
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Protease activity and protein content during the starvation of fifth 
instar larvae- The changes occurring in the protease activity and protein content 
during the starvation of the fifth instar larvae are shown in Figure 5. There was an abrupt 
increase in the protease activity after an initial decrease at 4 hours of starvation. However 
a subsequent continuous decrease in the activity could be observed till 24 hours of 
starvation. The protein concentration of the gut contents was found to decrease rapidly 
upto 12 hours followed by a slower decline till 24 hours. It is of intrest to note that there 
was a co-relation between the food consumption and the enzyme activity as it was found 
to be more pronounced in the case of larvae, fed with food ad libitum (Ishaya et a!., 
1971, Christopher and Mathavan, 1985). Starvation-induced initial decrease followed 
by transient increase in activity of gastro intestinal tract alkaline protease has been 
observed in case of S.litura as well (Ahmad et al., 1976). 
Search for zymogen in S. obliqua- Since many proteolytic enzymes from higher 
vertebrates, lower vertebrates, as well as insects occur as inactive precursors, a 
preliminary experiment was carried out to determine if the protease of A', oblicjua'isiiso 
synthesized as inactive zymogen and activates subsequently. For this purpose gut content 
extract in 0.1M phosphate buffer pH 11.0 was incubated at 40°C for 1,2,3 and 4 hours 
respectively and the protease activity was assayed by the caseinolytic method. Lack of 
significant increase in the enzyme activity (Figure 6) was taken as the indication of lack 
of zymogen form of the enzyme. 
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Figure 5: Starvation induced variation in protease activity and protein content in the 
fifth instar larvae: The fifth instar larvae ofS. oh/iquawere deprived of food for 
various durations as indicated prior to dissection. The gut contents isolated as 
described in the text were essayed for protein and proteolytic activity (mean + SD. 
n=3). 
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Figure 6: Effect of incubation on the gut contents at 40°C on the activity of the 
alkaline protease: The fifth instar larvae gut contents were incubated at40°C for 
the various durations and the caseinolytic activity determined. (mean ± SD, n=3). 
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Changes in the protease activity of the gut extract of S. obliqua 
before and after dialysis - Gut extract from .V. obliqua was dialysed against 0.1M 
phosphate buffer pH 11.0at4°Cand37°Cfor24hours. As seen from Table (III) there 
was a loss of 52% enzyme activity at 37°C, while a loss of 17% activity in comparison 
to the initial activit> could be observed at 4°C. 
Effect of pH on protease, amylase, and lipase activities of S. obliqua-
The pH-activity profile is represented in Figure 7. Haemoglobin and casein were used 
as substrates for protease activity, while substrates used for amylase and lipase were 
starch and p-nitro phenylpalmitate respectively. Haemoglobin was used as a substrate 
for assaying protease between pH 4.0 and 6 0, casein was used as a substrate between 
pH 6.0 and 12.0. Assays were carried out using 0.1M phosphate buffers of appropriate 
pH. The proteolytic activity peaked at pH 11.0 while pH optima for amylase and lipase 
were pH 9.0 and pH 8.0 respectively. Presence of alkaline proteases in the guts of 
among lepidopteran larvae has been well documented (Ishaya et al\ 1971; Ahmad et 
at: 1980; Klocke and Chan, 1982; Hamed and Attias, 1987; Johnston et al., 1991; 
Christellert'/o/., 1992; Samuels etal, 1993; Johnston et al., 1995) Other reports 
have dlso described the presence of alkaline amylase (Isha\ a et al., 1971) and lipase in 
several insect guts (Thomas and Nation, 1984; Teo and Woodring. 1 .88). 
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TABLE - III 
PROTEASE ACTIVITY FORM THE GUT EXTRACT OF S. OBLIQUA 
BEFORE AND AFTER DIALYSIS 
Gut extract from S. obliqua in 0.1M phosphate buffer pH 11.0, was dialysed at 4°C and at 3 7°C 
for 24 hours. Suitablealiquots were taken to monitor the enzyme activity as described in the methods 
Preparation Activity (Units/ml)* Inactivation (%) 
Undialysed 540 ± 11 0 
Dialysed at 4°C 450126 17 
Dialysed at 3 7°C 262110 52 
* One unit of protease is equivalent to the amount that causes the formation of 1 ug TC A 
soluble Lowry positive material per minute. 
Each value represents the mean 1SD of four determinations. 
> 
< 
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Figure 7: Effect of pH on S.obliqua gut content enzymes: Appropriate aliquots of the gut 
contents in 154 mM NaCl were used for the assay of protease (O) amylase (D) and 
lipase (D) as described in the methods. Using 0.1M phosphate buffer of appropriate 
pH. Buffers used were: Kl^ P04 - HC1 (pH 2.0-3.0), l^HPO^ HC1 (pH 4.0-5.0), 
K H ^ - K^HPO^pH 6.0 to 8.0), Kr^ P04- NaOH (pH 9.0) and l y* PO NaOH 
(pH 10.0 - 12.0). Vakies represent the mean of at least three closely agreeing 
determmationscarried outmtriplicates (Maximum variation betweenthedupficates was 
below six percent). 
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Effect of temperature on the protease, amylase and lipase activities 
of S.obliqua- Effect of temperature on the proteolytic, amylolytic and lipolytic 
enzyme activites of the fifth instar larvae was carried out at different temperatures ranging 
between 30°C and 80°C, using their respective substrates at the respective pH optima. 
As seen in the Figure 8 the proteolytic and amylolytic activities peaked at 50°C, while the 
lipase decreased above 40°C Apparently the high temperature optima is compatible with 
the warm habitats of the S. obliqua larvae. 
Effect of incubation at 40°C on the gut protease, amylase, and lipase 
before and after the treatment with glutaraldehyde- Dialysed ammonium 
sulfate (0-b0% saturation) fraction of .V. obliqua gut contents were treated with 0.5% 
glutaraldehyde as described in the text. The glutaraldehyde-treated and untreated 
preparations were separately incubated at 40°C for varying time intervals ranging from 
0-32 hours. As can be seen from the Figure 9 the fraction of activity retained by 
glutaraldehyde treated protease, amylase and lipase was significantly higher than that 
retained by the untreated preparations. The glutaraldehyde induced improvement in the 
enzyme activities may be a result of the modification of lysine side chain residues of the 
enzyme (Habeeb, 1967). Alternatively this could also be a result of the resistance to 
inactivation conferred due to introduction of crosslinks and stabilization of the tertiary 
structure (Mdnnonmani and Joseph, 1993). 
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Figure 8: Effect of temperature on S.obliqua gut content enzyme activities: Appropriate 
aliquots of the gut contents of the fifth instar larvae were assayed for protease (O) 
amylase (D) and lipase (D) at theindicated temperatures. Enzyme activities were assayed 
at men-respective pH optima. Valuesrepresentthemeanofatleastthreedosery agreeing 
deternrinationscarried out in triplicates (Maximum variation between thedupBcates was 
less than six percent). 
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Figure 9: Effect of incubation at 40°C on gut protease, amylase, and lipase activities of 
S. obliqua. Appropriate afiquots of the 0-60 % (NH4)2 S04 fraction of gut contents 
were incubated in 0. lMphosphatebufferpH9.0at40°Cfor 1 hour and protease (A) 
amylase (B) and lipase (C) activities were determined. Where indicated the diahysed 
ammonium sulfate fraction was treated with glutaraldehyde. The activates of the 
ghitaraldehyde treated preparations are represented byfifled symbols. Values repre-
sent the mean ofat least three closely agreeing determinations carried out in triplicates 
(Maximum variation between the duplicates waslessthan eight percent). 
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Effect of S. obliqua gut enzyme on the removal of aged blood stains 
from the cotton cloth in presence and absence of detergents- Small 
pieces of fine cotton cloth were stretched on 40 mm wide, 4.0 cm diameter discs with the 
help of rubber bands. Fresh rabbit blood (15-20 ul) was applied in the centre of the discs 
and allowed to clot and dry for over a week at room temperature. Cotton discs with aged 
blood stains were incubated with 0. l%SDSin0.1 M phosphate buffer pH9.0 (Figure 10) 
and a second set of discs were incubated under simil ar conditions but in presence of A. 
obliqua gut content 0 - 60% ammonium sulfate dialysed precipitate (Figure 10 lower 
row). The discs were incubated for 1-4 hours. It could be seen that there was the 
presence of coomasie stainable material even after 4 hours of incubation in SDS while the 
presence of S. obliqua gut content extract led to the solubilization of the blood stain in one 
hour. A similar set of experiment was carried out in presence of commercial detergent Surf 
(Figure 11). Incubation with detergent failed to solubilize the blood stain completely and 
the presence of coomassie blue stainable material was evident even after 4 hours of 
incubation. The blood stains were almost completely solubilised in presence of S. obliqua 
gut content 0-60% ammonium sulfate extract (Figure 11 lower row). It can also be 
concluded from this experiment that the S. obliqua gut content enzymesare compatible 
with the detergent tested, as the enzymes appeared to be active in presence of detergent 
even after 4 hours. In an another experiment S. obliqua gut content enzymes were 
incubated in 0.1 M phosphate buffer pH 9.0 with the blood stained cotton discs without 
added detergent. As seen from the (Figure 12) buffer alone failed to solubilize the blood 
stains even after 4 hours of incubation (Figure 12 upper row), while .V. obliqua gut content 
enzyme extract treatment left no detectable coomassie blue stainable material on the 
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Figure 10: Effect of £ obliqua gut enzymes on the removal of aged blood stains from 
cotton cloth in presence of SDS: Cotton cloth discs with aged blood stains were 
incubated with 0.1 % SDS. A second set ofthe discs were also incubated under the 
similar conditions but in presence of added S. obliqua gut content 0-60% 
ammonium sulfate extract containing 1.9 units of protease, 3.7 units of amylase and 
1.2 units of lipase per millilitre (lower rows). After the incubation of durations 
indicated, the discs were washed thoroughly with water and stained with coomassie 
blue as described in the methods. 
1 2 3 4hr 
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Figure 11: Effect of S. obliqua gut enzymes on the removal of aged blood stains from cotton 
cloth in presence of commercial detergent: Cotton discs with aged blood stains 
were incubated in 7 mg/ml commercial detergent Surfin 0.1M phosphate buffer pH 
9.0 (upper row). All the experimental conditions were same as described in the Figure 
10 except that the S. obliqua gut contents were incubated along with 7 mg/ml 
commercial detergent Surf (lower row). 
3 4hr 
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Figure 12: Effect of A', obliqua gut enzymes on the removal of aged blood stains from th 
cotton cloth in absence of detergents: All the the experimental conditionswere sam 
as described in Fig. 10 except that no added detergent was used. 
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cotton discs. Similar observations were made by Sato etal. (1988 a, 1988 b) who found 
that not only protein or sebum oils but also particulate soils were effectively removed from 
cotton cloth by detergents containing proteolytic or lipolytic enzymes. 
Isolation and purification of S. obliqua protease: 
(a) Ammonium Sulfate fractionation- Crude extract of the gut contents of S. obliqua 
larvae isolated as described in methods contain dark brown pigments presumably derived 
from castor leaves on which they feed voraciously. In order to remove these pigments the 
gut homogenate was subjected to ammonium sulfate fractionation at 0-60% saturation in 
0.1M Tris buffer pH 8.0, and were kept at 4°C for 8 hours to ensure complete 
precipitation. The resulting precipitate was dissolved in 0.1M Tris buffer pH 8.0, and 
dialysed extensively against the same. The ammonium sulfate fractionation resulted in 3 -
fold purification with a 76% yield (Table-IV). 
(b) DEAE-celluIose chromatography- The enzyme solution obtained by ammonium 
sulfate fractionation was applied onto DEAE-cellulose column (2.6 x 30 cm), equilibrated 
with 0.1M Tris buffer, pH 8.0. The column was thoroughly washed to remove the 
unbound protein and eluted with 0.0 -1.0 M NaCl in the same buffer. 4 ml fractions were 
collected at the flow rate of 40 ml/hour. Suitable aliquots were taken for the assay of 
caseinolytic activity and protein concentration. At this stage almost all of the pigments 
were removed and the fractionation step resulted in a further purification of 7-fold with 
a yield of 3 5%. Active fractions were pooled from the first peak (shown with the arrow 
in figure 13), concentrated and dialysed against 0.1 M Tris buffer pH 8.0 at 4°C. 
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Figure 13: DEAE-Cellulose Column Chromatography: The ammonium sulfate precipitated gu 
proteins obtained from 150 ml of gut contents, were dissolved in 3 6 ml of 0.1M Trii 
buffer pH 8.0, and dialysed extensively against the same buffer at 4°C. The dialysec 
sample was then loaded on 2.6 x 3 0 cm column. After allowing the binding ofthe proteii 
on to the ion-exchanger, the column was washed extensively with 0.1M Tris-HC 
buffer pH 8.0. The bound protein was subsequently eluted with a linear gradient of 0-
1.0 M NaCl in 0.1 M Tris buffer pH 8.0. Four ml fractions were collected and assayec 
for protease activity and protein content. Arrow indicates the fractions taken for furthei 
purification. 
2000 
O Activity 
• Protein 
1600 
6 
3 12001 
u 
o 
* 
m 
a 
* B00| o 
G. 
400 
10 15 20 
Froction numbtr 
25 30 
1.0 
10.8 
10.6 * 
E 
10.4 J 
0.2 
i-iao 
35 
64 
Figure 14: Affinity Chromatography: Fractions containingthe protease activity obtained after the 
DEAE-cellulose chromatography were pooled, concentrated and dialysed against 1OC 
mM Tris buffer pH 8.0 and applied on to a 1.5 x 10 cm Hb-Sepharose column. The 
column was washed thoroughly with Tris buffer to remove the weakly adsorbec 
proteins Protease bound on the column was eluted with 0.1M Tris buffer pH 8.C 
containing 1.0 M NaCl. The column was operated at 20 ml/hour and 2 ml fractions were 
collected. All the steps were carried out at 4°C. The fractions were assayed foi 
proteolytic activity and protein content as described in the text. 
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TABLE IV 
PURIFICATION OF S. OBLIQUA PROTEASE 
Purification step" Total Total Total Specific Purification Yield 
Volume activity** protein* activity fold (%) 
(ml) (units/ml) (mg/ml) 
Crude 150 79,200 562 140.8 1.0 100 
0-60%(NH4),So4 36 60,480 113 533 3.0 76 
precipitation 
DEAE-chromato 19 19,500 20.9 933 7.0 35 
graphy 
Affinity 26 12,116 2.34 5177 37.0 15 
Chromatography 
" All the steps were carried out at 4°C 
* Determined according to Bradford (1976). 
* * One unit of protease is equivalent to the amount that causes the formation of 1 |igTC A 
soluble Lowry positive material per minute 
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(c) Hb-Sepharose affinity chromatography- The dialysed fraction of the S. obliqua 
protease obtained after the DEAE- cellulose chromatography was applied on to the Hb-
Sepharose matrix and was allowed to bind on the matrix for 4 hours at 4°C. The matrix 
was packed in a 1.5 x 10 cm column. The column was equillibrated with 0.1M Tris buffer 
and the flow rate was adjusted to 20 ml/hr. The column was washed thoroughly to remove 
the unbound protein with 0.1M Tris buffer pH 8.0, then the column was eluted with 1M 
NaCl in 0.1M Tris pH 8.0. Two ml fractions were collected. The elution profile is shown 
in Figure 14. It can be seen that the proteolytic activity was eluted as a single sharp peak 
The column was monitored for the protein content according to Bradford (1976) The 
purification scheme is summarised and is shown in the Table-IV. The purified alkaline 
protease thus obtained was found to be highly active resulting in a 3 7-fold purification 
with a yield of 15 percent. The purification procedure was repeated six times and gave 
compatible values each time. The only exception was an additional small peak which was 
proteolytically active was obtained after the only peak shown in figure 13 in two 
experiments. 
Homogenity: 
The purification process was also monitored by polyacrylamide gel electrophore-
sis. Figure 15(A) shows the various stages of the purification in non-denaturing condi-
tions. It could be seen from the gel that most of the contaminating proteins were removed 
after the DEAE-cellulose chromatography. However there was a fast moving contaminant 
in the DEAE fraction (Lane C) that was apparently removed when the preparation was 
passed through the Hb-Sepharose, affinity column, thus resulting in a purified preparation 
of the protease (Lane D). Figure 15(B) shows that the gel stained with silver to check the 
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purity of the final preparation obtained. As can be seen, the final preparation obtained after 
the affinity chromatography gave a single major band in PAGE. Although more than 40 ug 
of the purified protein was applied on the gel, presumably due to the poor interaction with 
the dye, the intensity ofband wasnot too intense. One possible reason for the poor binding 
ofthe dye is the presence of oligo/polymerised phenols on the surface ofthe enzyme. The 
gut extract is very rich in the digested/partially digested leaves that are rich in phenols and 
it is not unlikely that some of them undergo polymerization during the digestion process and 
bind to the protein. Alternatively the protein may be intrinsically resistant to the binding of 
the dye due to its amino acid composition (Saleemuddin and Ahmad, 1984). 
The final preparation obtained after the affinity chromatography was also subjected 
to electrophoresis in presence of SDS and b-mercaptoethanol. It was found that the 
protease migrated as a single major band in these gels as well (Figure 16, lane D). The 
presence of a protein which did not fully penetrate the gel was also observed. This could 
be as a result of the tendency ofthe enzyme / protein to aggregate in presence of SDS. 
Apparent tendency to aggregate in presence of SDS H.armigera protease was reported 
byJohstone/a/, (1991). 
Molecular weight determination 
The molecular weight ofthe purified alkaline protease was determined by gel 
filtration using SephadexG-100 (Andrews, 1964)andbySDS-PAGE. For gel filtration 
studies, a 2.1 x 50 cms column was equilibrated with 0.05 M Tris-HCl pH 8.0. The column 
was calibrated with B-galactosidase, haemoglobin, ovalbumin, soybean trypsin 
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Fig. 15A: Poly a c ry la m ide gel electrophoresis (PAGE) at various stages of purification t 
alkaline protease from & obliqua: Non-denaturing PAGE was performed as 6^ 
scribed by Laemmli (1970) using a 7.5% gel. Appropriate fractions were electrophon 
sed on a mini slab gel at room temperature using a constant current of 50 volts. Theg< 
was stained with coomassie brilliant blueR-250 (A). 
Lane A: Crude gut extract 
Lane B : 0-60% (NH^ S04 fraction. 
LaneC: DEAE-cellulose fraction. 
LaneD: Affinity Chromatography fraction. 
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Figure 15B: Polyacrylamide gel electrophoresis (PAGE) at various stages of purification 
of alkaline protease from S. obliqua: All the experimental conditions were the sam{ 
as described in Fig. 15 A except that the gel was stained with silver nitrate! 
Concentration of protein loaded in each lane is indicated below. 
Lane A: Crude gut extract (10 ug) 
LaneB : 0-60% (NH^ SO4fraction.(10 ug) 
LaneC: DEAE-cellulosefraction.(5ug) 
LaneD: Affinity Chromatography fraction.(5ug) 
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Figure 16: S DS-polyacry lamide gel electrophoresis (SDS-PAGE) of the various stages c 
purification of S. obliqua protease: SDS-PAGE was carried out according t 
Laemmli (1970) on a7.5% gel. Tris-glycine buffer pH 8.3 containing 0.2% SDS wa 
used as the running buffer. Appropriate samples were solubilized as described in the te> 
prior to electrophoresis. Electrophoresis was carried out at room temperature using 
constant current of 50 volts. 
Lane A: Crude gut extract 
Lane B : 0-60% (NH4)2 S04 fraction. 
LaneC. DEAE-cellulose fraction. 
LaneD: Affinity Chromatography fraction. 
Ujgf. 
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Figure 17: Determination of Molecular weight of purified alkaline protease by ge 
filtrations: The void volume (V0) was determined using blue dextran. The ratio o 
elution volume (V ) to (V ) was plotted against the logarithim of molecular weights o 
the marker proteins: (1) P-galactosidase 116,000 (2) Haemoglobin 66,000 (3 
ovalblumin 45,000 (4) soybean trypsin inhibitor 20,100 (5) cytochrome -c 12,400 (6 
Insulin 6,000. Positionofthe alkaline proteasefrom S. obliqtta is marked by an arrow 
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Figure 18: SDS poly a cry la m id c gel electrophoresis of the purified a Ik* -
line protease from S. obliqua: The procedure described by 
Laemmli(I970) was followed. The purified alkaline protease was 
subject cdto electrophoresis on a 7.5% acrylamide gel containing 
0.2% SDS at 100 volts. Prior to electrophoresis the enzyme was 
denatured by heating at 100 C for S minutes in sample buffer 
containing fi-mercapto ethanol. A mixture of marker proteins was 
also electrophor e s ed under identical conditions. 
Lane A and B : Molecular weight markers. 
LaneC Alkaline protease 
A B r 
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inhibitor, cytochrome-c and insulin. About 1.5 mg of the purified enzyme was 
chromatographed on the same column and the elution was performed with the equilibrated 
buffer. Three ml fractions were collected at the rate of 15 ml/hour. The fractions were 
analysed for protein by measuring the absorbance at 280 nm. The elution profile of 
alkaline protease was monitored by measuring the B APNA lytic activity. The elution 
volume of the marker proteins was noted and the plot of ve/vo versus logarithim of 
molecular weight, according to the procedure of Andrews (1964) gave a straight line 
(Figure 17). The molecular weight of alkaline protease calculated from this data was 90 
KDa 
SDS electrophoresis in presence of 0.2 % SDS revealed a single distinct band 
(Figure 18). The molecular weight of the alkaline protease was calculated from the 
mobilities of the marker proteins by the procedure reported by Weber and Osborn 
(1969). The mobilities of the markers were plotted against the logarithim of molecular 
weight (Figure 19). The least square analysis of the data indicated a linear relationship 
between log M and relative mobility (Rm). The purified protease exhibited mobility 
between myosin and B-galactosidase, suggesting a molecular weight of 134 KDa. One 
possible reason for the observed difference in the molecular weights as determined by 
the gel chromatography, and electrophoresis may be glycosylation of the protease. The 
S. obliqua protease was found to contain about 11% of carbohydrate as estimated 
according to Dubois et al. (1956). Glycopeptides have been shown to exhibit anomalus 
behaviour in SDS gels and reported to yield errors upto 22% (Leach etai, 1980). 
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Figure 19: Calibration curve for the determination of Molecular weight of 
the alkaline protease from S. obliqua: The calibration curve was 
obtained by plotting Log M versus Rm from SDS poby a cry la mid e 
geL The molecular weight of alkaline protea se wa s determined from 
this curve. Arrow indicates theposition ofthe alkaline protease from 
S. obliqua, while the numbers indicate the marker proteins. 
1. Myosin 
2. B-galactosidase 
3. Phosphorylase-b 
4. Albumin bovine. 
5. Albumin egg 
6. Carbonic anhydrase. 
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Enzymatic Properties 
Effect of pH- The effect of pH on the protease purified from S. obliqua fifth instar larvae 
gut contents is shown in Figure 20. The enzymatic activity increased almost linearly with 
the pH between pH 7.0 -11.0. This was followed by a rapid decrease in activity to a value 
about quarter of that at pHll .O. Like the proteases from other lepidopterans 
(Ahmad et al., 1980; Christeller et al„ 1992) The enzyme of S. obliqua as it also 
appears to have a pH optimum of 11.0. 
Effect of temperature - Figure 20 shows that maximal caseinolytic activity is exhibited 
by the alkaline protease at 50°C. Significant activity was also retained by the alkaline 
protease at higher temperatures; at 70°C the enzyme retained about 20% of the activity. 
Moderately high temperature optima of alkaline proteases have been reported earlier 
from various insect sources (Thomas and Nation, 1984; Teo and Woodring, 1988). 
Substrate specificity - The ability of the alkaline protease to cleave synthetic and 
protein substrates has been investigated and are given in Table V and VI. The synthetic 
substrates investigated included BAPNA, BAME and BAEE which were hydrolysed 
most efficiently while BAPNA appeared to be least preferred. Both the synthetic ester 
and amide substrates were cleaved by the alkaline protease. It is interesting to note that 
in case of the trypsin the above substrates were cleaved in the following order BAME > 
BAPNA > BAEE. On the basis of the ability of S. obliqua protease to hydrolyse synthetic 
substrates reported in this study the protease can be referred to as "trypsin like" as these 
substrates are specifically hydrolysed by trypsin and trypsin like enzymes. The hydrolysis 
of BAPNA by the alkaline protease from S. obliqua was almost comparable with the of 
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Figure 20: pH-activity profile of S. obliqua protease: The reaction mixture in a total volume o 
1.0 ml containing 5 ug of enzyme protein, in 100 mM phosphate buffer ofindicated pF 
and 10 mg of casein was dissolved in buffer of desired pH. After incubation for 1 f 
minutes at 37°C the reaction was terminated by the addition of 0.5 ml 20% TCA 
Proteolytic activity was determined as described in the methods. Buffers used were 
KH2P04-K:HP04 (pH 7.0-8.0), KH,P04-NaOH (pH 9.0) and K:HP04-NaOF 
(pH 10.0-12.0). Values represent themean of at least three determinations carried oui 
in triplicates. In no case the difference between the duplicates exceeded six per cent 
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Figure 21: Effect of temperature on the protease activity of £ obliqua: The 
reaction mixture in a total volume of 5 fig of enzyme protein in 100 mM 
phosphate buffer pH 11.0, and lOmg of casein dissolvedinthesame buffer 
was incubated for 15 minutesatthetemperatures indicated The reaction 
wasterminated bythe addition ofO. 5 ml of20% TCA. Proteolytic activity 
wasdetermined as described in the methods. Vahierepresent the mean of 
atleastmreeclosely agreeing deteraiinationscairied out in triplicates. In no 
case the difference between the duplicates exceeded five percent. 
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TABLE V 
ACTIVITY ACTION OF ALKALINE PROTEASE ON 
VARIOUS SYNTHETIC SUBSTRATES 
The ability of S. obliqua protease to hydrolyse various synthetic substrates was monitored. The 
reaction mixture in a total volume of3.0 ml contained suitably diluted enzyme and the substrates. The 
reaction was carried out in 0.1 MTris-HClpH 8.0 buffer. The activity of each substrate indicated 
was determined and units were caluculated as described in the methods. 
Substrate Activity (units)* 
Trypsin Alkaline protease 
BAPNA 0.33 ±0.1 0.39 ±0.1 
BAEE 0.26 ±0.1 4.10 ±0.3 
BAME 3.70 ±0.5 1.75 ±0.5 
* Details of the individual assays are given in the methods. 
Each value represents the mean ± SD of four determinations 
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TABLE VI 
ALKALINE PROTEASE ACTIVITY ON VARIOUS 
PROTEIN SUBSTRATES 
Activity of alkaline protease on various protein substrates was determined essentially as that using 
casein as substrate. The reaction mixture in a total volume of 1. Oml contained 10 mg of protein 
substrate, 5 microgram of alkaline protease and 10 m moles phosphate buffer pH 11.0. 
Substrate 
Casein 
Haemoglobin 
Bovine serum; 
Ovalbumin 
Gelatin 
albumin 
Activity* 
(units/ml) 
472 ± 22 
432 ± 13 
392 + 18 
368 ± 14 
112±11 
Maximum hydrolysis 
(%) 
100 
92 
83 
77 
13 
* One unit of protease is equivalent to the amount that causes the formation of 1 u.g TC A 
soluble Lowry positive material per minute. 
Each value represents the mean +SD of four determinations. 
80 
bovine trypsin However B AEE was more readily hydrolysed by the S. obliqua protease. 
High activity against BAEE by trypsin like digestive enzyme of C.fumiferana is reported 
(Milne and Kaplan, 1993). As shown the alkaline protease was highly effective in cleaving 
various protein substrates (Table VI). Casein was readily degraded and yielded maximal 
hydrolysis implying that it was most susceptible to cleavage. The rates of cleavage of 
haemoglobin, bovine serum albumin and ovalbumin were comparable with that of casein. 
Gelatin was cleaved only to a smaller extent. The ability of the akaline protease to hydroly 
various protein substrates suggests that it may be effective for its use in detergents against 
a wide variety of stains resulting from proteins (phadataree/ a/., 1993). 
Effect of various protease inhibitors- With a view to characterise the nature of 
alkaline protease, the effect of various well known inhibitors on the B APNA lytic activity 
of the protease was investigated. Table VII shows that the inhibitors, that were highly 
effective against trypsin were also inhibitory towards the alkaline protease except 
ovomucoid, which at the concentrations sufficient to completely inhibit trypsin activity 
resulted in only a marginal inhibition in case of the alkaline protease from S. obliqua. 
TLCK acts as a specific inhibitor of trypsin (Shaw et al., 1965) by binding to 
histidine residue within the active site. The effect of TLCK on the protease of S. obliqua 
(Table VII) demonstrates the need of histidine in its action. The proteolytic activity in the 
larval midguts of Helicoverpa armigera was also found to be inhibited by TLCK 
(Johnston et al., 1991). On the other hand TPCK a specific inhibitor of chymotrypsin was 
found to be inhibitory to the proteolytic activity of S. obliqua, such type of unspecific 
a 
TABLE VII 
EFFECT OF SOME INHIBITORS ON THE 
ALKALINE PROTEASE 
The reaction mixture in atotal volume of 3.0 ml contained 5 ng of enzyme protein and the requisite 
amount ofinhibitorsinO. lMTrisbufferpH8.0, to thefinal molarity as indicated. After preincubation 
for 30 minutes at 3 7°C the residual activity was determined against B APNA as described in the 
methods. 
Inhibitor 
SBTI 
TLCK 
TPCK 
Ovomucoid 
Final concentration 
(mM) 
0.04 
1.00 
1.00 
0.02 
Trypsin Alkaline 
Protease 
Inhibition (%) 
100 
100 
0 
100 
75 
100 
38 
8 
Each value represents the mean of four determinati ons and in no case the difference between the 
duplicates exceeded 7%. 
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inhibition exerted by TPCK is also available in case of the lepidopteran larvae of Greater 
wax moth (Hamed and Attias, 1987). 
The proteinaceous protease inhibitor SBTI exerted almost identical inhibition to 
S.obliqua protease and bovine trypsin. Inspiteof the trypsin like characterstics, the 
S. obliqua protease was not affected by ovomucoid. Lack of inhibition of trypsin like 
enzyme of H. armigera and some proteases oW.mtbilalis has also been reported earlier 
(Johnston et ah, 1991; Houseman el ah, 1989). Applebaum's(1985)predictionthatthe 
adaptation of the proteases in lepidoptera to an extremely alkaline environment may 
affect their interactions with "classical" trypsin and chymotrypsin inhibitors is apparently 
substantiated by these observations. 
Casein degradation- An experiment was carried to monitor the extent of caseinolytic 
degradation by the purified S. obliqua alkaline protease as casein was found to be the 
most preferred substrate, (Table VI). The degradation products were analysed by SDS-
PAGE (Figure 22) and comparision made with that of known proteolytic enzyme bovine 
trypsin (Figure 23). It can be seen from the Figure 22 the S. obliqua alkaline protease 
was able to degrade the native casein into smaller polypeptides of the Mw 15,848 and 
15,488 at 15 and 30 minutes. After 60 minutes presence of smaller polypeptides of Mw 
14,454 and 8,128 were also observed. However at 120 minutes only two polypeptides 
of lower intensity could be detected implying the degradation of native casein into smaller 
polypeptides too small to be detected by the coomassie blue. While Figure 23 shows the 
degradation pattern of casein by bovine trypsin, which resulted in the formation of the 
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Figure 22: Degradation Kinetics of casein by the purified alkaline pro-
tease from S.obliqua: The reaction mixture consisted of 3 ug of 
the purified protease and casein (500 ug) in 100 mM phosphate 
buffer pH 8.0 in a final volume 1.0 ml. The incubation was done at 
37°C, for different time intervals. At the indicated time the reaction 
was stopped by the additon of SDS-sample buffer and boiled for 
10 min. The samples were analysed by SDS-PAGEusinga 15% 
gel. Staining was carried out using coomassie brilliant blue R-250. 
Mr 0 **' a© fc ***^ 
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Figure 23: Degradation kinetics of casein by bovine trypsin: The reaction 
mixture consisted of 1 u g of trypsin and casein (500 mg) in 100 mM 
phosphate buffer pH8.0 in a fin al volume of 1.0 ml. The incubation 
was carried out at 37°C for the indicated durations. Reaction was 
stopped by the addition of SDS sample buffer and boiled for 10 miii. 
Samples were analysed using 15 % SDS gel. Staining was carried out 
by using coomassie billiant blue R-250. 
15 30* 60 120 &lf & 
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polypeptide of Mw 10,000 and continued incubation upto 120 minutes resulted in 
further fragmentation of polypeptides. 
Effect of metal ions - The effect of various metal ions on the proteolytic activity of the 
alkaline protease is summarised in Table VIII. Mg++ and K+ increased the activity ofthe 
enzyme to a small extent, such instances of increase in the proteolytic activity among 
lepidopterans is available (Euguchi and Kuriyama, 1983). While Zn** and Cu+" were 
remarkably inhibitory. The inhibition of proteolytic activity by heavy metals is consistent 
with the observation made by Euguchi and Kuriyama, (1983) incase of silkworm B. 
mori. H g " completely inhibited the enzyme activity, such inhibition was also seen in the 
case of silkworm B. mori in a separate study (Euguchi and Iwamoto, 1976). The 
vertebrate and some invertebrate trypsins are markedly stabilized by Ca" (Nord and 
Bier, 1953) and activated by Ca"(Sipos and Merkel, 1968). In contrast Ca" had virtually 
no effect on the proteolytic activity of .V. obliqua. The trypsin like proteases from the 
larvae of//, armigera also did not need calcium as an activator (Johnston et a/., 1991). 
Mn", Co" did not effect the caseinolytic activity ofthe S. obliqua protease significantly. 
Effect of various agents on the proteolytic activity of S. obliqua protease- To 
further understand the nature ofthe alkaline protease of S. obliqua, the effect of various 
agents on the proteolytic activity was studied (Table IX). EDTA was inhibitory at the 
concentration of 2 mM by 50 percent. Instances of inhibition exerted by EDTA on the 
lepidopteran insect proteases are available in case of silkworm (Euguchi and Kuriyama, 
1983) and wax moth (Hamed and Attias, 1987). Lack of sinificant inhibition by Thiol 
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TABLE - VIII 
EFFECT OF VARIOUS METAL IONS ON THE 
ALKALINE PROTEASE 
Five micro gram of enzyme protein in 0.1M Tris-HCl pH 8.0 was pre incubated with 10m M metal 
ions for 60 min. at 3 7°C. The reaction was initiated by the addition of substrate and after incubation 
at 3 7°C for 15 minutes, the reaction terminated by the addition of 20% TC A. Caseinolytic activity 
was determined as described in the text. 
Metal ions Protease Activity* Residual activity 
(units/ml) % 
None 
Mg 
K-
Ca" 
Mn~ 
Co" 
Hg-
or 
Zn 
240 ±18 
348 ± 11 
312 ± 18 
240 ± 24 
217 ± 20 
217 ± 10 
0 
170 ± 18 
120 ±12 
100 
145 
130 
100 
90 
90 
0 
70 
50 
* One unit of protease is equivalent to the amount that causes the formation of 1 |ig TC A 
soluble Lowry positive material per minute under the assay conditions. 
Each value represents the mean ± SD of four determinations. 
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TABLE IX 
EFFECT OF VARIOUS SUBSTANCES ON THE 
ALKALINE PROTEASE 
Five micro gram of alkaline protease was pre incubated with the indicated substances for 3 0 
min in 100 mMTrisbufferpH8.0. The reaction was initiated by the addition ofO. 5ml of2% casein 
in 100 mM Tris pH 8.0 and after 15 minutes of incubation at 3 7°C the reaction terminated by the 
addition of 0.5 ml 20% TCA. Caseinolytic activity was determined according to the standard 
procedure. 
Additions Final concentration Protease Activity* Residual activity 
(units/ml) (%) 
None 
EDTA 
L-Cysteine 
Iodo aceticacid 
Iodo acetamide 
N-Bromo succinamide 
N-Ethyl maleimide 
B-mercapto ethanol 
-
2xlO-'M 
lxl 0°M 
lxl O-M 
lxl 0 :M 
lxl 0 :M 
1x10 :M 
2x10:M 
448 ± 28 
216+ 16 
420 ± 10 
444 ± 33 
448 ± 41 
0 
436 ± 26 
600 ±45 
100 
48 
94 
99 
100 
0 
98 
134 
* One unit of protease is equivalent to the amount that causes the formation of 1 ug TC A 
soluble Lowry positive material per minute under the assay conditions. 
Each value represents the mean ± SD of four determinations. 
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specific agents Iodo acetic acid and Iodo acetamide, rule out the possible role of 
sulphahydryls contributing to the activity of protease. While L-cysteine was slightly 
inhibtory in explicably P-mercapto-ethanol, caused significant acitivation. Moreover, 
lack of inhibition by N-ethylmaleimide is in agreement with the observation that cysteine 
like proteases are lacking among lepidopteran larvae (christeller et al., 1992). The 
remarkable inhibition observed with N-bromosuccinamide indicates the participation of 
the histidine at the active site. 
Effect of incubation time on the activity of S. obliqua alkaline protease - The 
purified alkaline protease from S. obliqua was incubated with casein for various 
durations at 37°C. As shown in Figure 24 a near linear relationship was observed 
between the enzyme activity and incubation period upto sixty minutes. 
Line Weaver Burk plot- Linear double reciprocal plot was obtained with the alkaline 
protease using BAPNA as a substrate (Figure 25). The plot was obtained by the least 
square method and the values of Km were computed from the intercepts and slope of the 
linear plot. The value for S. obliqua protease was found tobe2xl0 6 M. 
Effect of anionic, cationic and nonionic detergents: Proteases exhibiting high activity 
and pH optima at alkaline pH have potential as detergent additives. Their utility can be 
significant only if they also exhibit stability in various detergents. Taking this into 
consideration the effect of various anionic, cationic and nonionic detergents, as well as the 
commercial detergent formulations containing various additives were investigated. 
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Figure 24: Effect of incubation time on the enzyme activity of S.obliqua protease: The 
reaction mixture in a total volume of 1.0ml contained5 ugofenzyme protein inO. IM 
phosphate buffer pH 11.0 and 10 mg of casein dissolved in the same buffer aftei 
incubation for the varying time intervals as indicated. The reaction was terminated b) 
the addition of 0.5 ml 20%TCA. Proteolytic activity was measured according to the 
standard procedure. Values represent the mean of at least three determinations carriec 
out in duplicates. 
15 30 45 
Time( minutes) 
60 
90 
Figure 25 : Line Weaver Burk plot of S. obliqua alkaline protease witl 
BAPNA as a Subtrate: The assay mixture in a total volume of 3 ( 
ml con! ained 9 ug enzyme protein and 0.75x10 5ug to 19x 10 s u^ 
BAPNA. Reaction was initiated by the addition of substrate anc 
sample incubated at 37°C for 30 min stopped by the addition o 
0.5ml 30% acetic acid. Formation ofp-nitroanilidewas measurec 
at 410nmsas described in the text. The inverse rate of reactior 
was ploted against inverse substrate concentration using the leasi 
square method. In no case the difference between the duplicates 
exceeded seven percent. 
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Figure 26: Effect of anionic, cationic and nonionic detergents on the proteolytic activity 
of S. obliqua Alkaline protease (6 fig) from S. obliqua was incubated in 0 1 M 
phosphate buffer pH 11.0 with the detergents at the indicated concentration for 15 
minutes at 40°C. The remaining activity was assayed as described in the methods The 
dotted line represents the bovine trypsin activity assayed at pH 8.0 in presence of SDS 
Enzyme activity determined in absence of any detergent under similar conditions is 
taken as 100%. Values represent the mean of at least three determinations carried out 
in duplicates. In no case the difference between the duplicates exceeded six per cent 
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For studying the effect of detergents appropriate aliquots of the enzymes were incubated 
with the detergents under the standard conditions. Figure 26 shows the effect of SDS, 
NP-40 and TX-100. The alkaline protease exhibited a remarkable capacity to retain its 
caseinolytic activity in presence of the cationic and nonionic detergents. The retention in 
activity was over 90% of the control in presence of either of the detergents. Proteolytic 
activity of the enzyme however decreased rapidly in presence of SDS, as a near linear 
concentration dependent decrease of the proteolytic activity was observed in presence 
of SDS. In 0.8% SDS only 10% of the initial activity was exhibited by the enzyme. How 
ever bovine trypsin was found to be more labile as compared to the S.obliqua protease 
in presence of SDS. 
Stability and compatibility of the alkaline protease from S. obliqua in presence of 
various commercial detergents- The S. obliqua protease was subjected to the 
proteolytic activity in presence of various commercial detergents available in the local 
market. As can be seen from the Figure 27 the alkaline protease retained about 90 % of 
the initial activity with Nirma, followed by Ariel, Budget and Surf while only 30 % of the 
initial activity was observed with Budget, at 40°C at pH 11.0 at 1 hour incubation. The 
protease was found to be quite stable by retaining about 68% of the initial activity in 
presence of commercial detergent Nirma even after incubation upto 60 minutes at 40°C. 
The activity of the protease in presence of commercial detergent Ariel was found to be 
65% of its initial activity at 60 min. The 5. obliqua proteolytic activity was also monitored 
at pH 9.0 in presence of various commercial detergents (Figure 28). It was found that 
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Figure 27: Stability and compatibility of alkaline protease from S. obliqua, in presence of 
various commercial detergents at pH 9.0: Alkaline protease from S. obliqua(6 ug) 
was incubated at 40°C in 0.1 M phosphate buffer pH 11.0 in presence of various 
commercial detergents(7mg/ml). After every 10 minutes, samples were removed and 
the residual protease activity was determined using casein as a substrate. Activity of 
control sample devoid of any detergent incubated under similar conditions was assumed 
as 100 %. Prior to incubation along with the enzyme the detergents were incubated at 
100" 'C for one hour to inactivate the endogenous enzyme if any present in the detergents. 
Values represent the mean of at least three determinations carried out in duplicates. In 
no case the difference between the duplicates exceeded eight per cent. 
20 30 40 50 
Time of Incubation (min) 
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Figure 28: Stability and compatibility of alkaline protease from S. obliqua in presence of 
various commercial detergent at pH 9.0: AJ] the experimental conditions were the 
same as described in the figure 27 except that 0 1M phosphate buffer of pH 9.0 was 
used. Values represent the mean of at least three determinations carried out in 
duplicates. In no case the difference between the duplicates exceeded six per cent. 
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there was a significant increase in the stability of the proteolytic activity in presence of 
detergents as compared to pH 11.0. The proteolytic activity was found to be 80% of the 
initial activity in presence of Surf after 40 minutes of incubation at 40°C, followed by 
Budget, Nirma and was found to be least stable in Ariel. In a similar study Phadatare et 
al. (1993) found tht the protease from the fungus Conidobolus coronatus retained more 
than 80% of its activity in presence of commercial detergents Snow white, Nirma, Revel 
and more tha.i 56% of its activity in presence of wheel and surf indicating its potential for 
application in detergents. 
DISCUSSION 
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Spilosoma obliqua (Arctiidae Lepidoptera) commonly known as the Bihar hairy 
catterpillar, is polyphagous pest that causes damage by way of defoliation to many of the 
crops (Jacob and Thomas, 1972), predominantly in Northern and North-west regions of 
India. The catterpillar starts its feeding activity mostly on legumes when the crop is at the 
vegetative stage. The grown up catterpillars feed voraciously on leaves, soft stems and 
are capable of demuding the crop within few days (Chhabra and Kooner, 1987). 
Like the most members of the lepidoptera, the 30 days life cycle of theBihar hairy 
caterpillar Spilosoma obliqua comprised of six larval instars and a pupation stage (Figure 
2) The most voracious among these was the fifth instar which measured approximately 5-
7 cms in length (Figure 3). As shown earlier with several lepidopteran larvae the protein 
content of the gut appeared to parallel the gut proteolytic activity. During the last instar. 
stage, both the protein content and proteolytic activity decreased remarkably (Figure 4). 
Such variation in age dependent alterations of proteolytic activity have been reported in 
the larvae of 6'. mellonella (Janda and Kreig, 1969), Lygusdisponsi (Hori, 1973) and 
in Spodoptera litura (Ahmad et al., 1976). 
Evidently other digestive enzymes also exhibited similar alteration as shown in 
some recent studies (Christopher and Mathavan, 1985) with amylase and invertase in 
Catopsila crocale. Starvation has been shown to result in remarkable decrease in the gut 
protease ofB. mori as early as 1930, by Fuji and Kato. Such decrease has also been 
reported in several larvae including those of lepidoptera (Christopher and Mathavan, 
1985). Figure 5 shows that the Spilosoma obliqua larvae also responds to fasting by 
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decreasing their gut proteolytic activity measured at pH 11.0. A sharp decrease after four 
hours of fasting which was followed by a significant increase and a further decline. The 
risein the activity at eight hours of fasting may be related to the formation of a breakdown 
product of dietary proteins which may be more effective in inducing the activity of the 
proteases. These experiments substantiate the earlier observations that shows that 
parallelism exists between the dietary protein and proteolytic activity in the gut. In support 
of this it has been shown that the proteolytic activity of the gut shows a marked decline, 
but reaches the normal level on refeeding(Daad, 1956; House, 1965;EngIemann. 1969; 
Ishaayaefa/., 1971; Christopher and Mathavan, 1985). 
Several insect proteases have been shown to be synthesised as inactive precursors 
and activated in the gut (Felsted et al., 1973; Ward, 1975). In order to investigate 
possibility of the formation of such protease precursors, the gut contents of the 5. obliqua 
were incubated at 40°C for four hours. Lack of significant activation was taken as the lack 
of existance of such an inactive precursor (Figure 6). The possibility of the preparation 
being exposed to non optimal conditions or deficiency factors required for possible 
activation cannot be however ruled out. Several other workers have also failed to 
demonstrate the existance of the zymogen form of insect proteases (Ahmad et al.. 1976). 
Extensive dialysis resulted in a marginal decrease in the enzyme activity at 4°C. Autolysis 
may contribute significantly to the loss in the enzyme activity on dialysis at 3 7°C 
(Table III). 
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Hydrolytic enzymes exhibiting alkaline pH and stability under alkaline conditions 
are finding increasing applications in detergent, brewing, food processing, dairy and 
tanning industries (Kalisz, 1988). Detergent industry has in fact emerged as a major 
consumer of several hydrolytic enzymes active in the alkaline range accounting for over 
a quarter of global enzyme production (Herbert, 1992). Among the detergent additives 
proteases, amylases and lipases are more widely used and these are being currently 
isolated from selected or engineered strains of bacteria (Sharpe, 1986) or fungi 
(Jonsson, 1964; Samal eta]., 1990; Phadatareeta!., 1993). 
Considering that the lepidopteran larvae have powerful digestive enzymes in their 
guts to facilitate the digestion of large amounts of food consumed by them, it was 
considered of interest to investigate the nature of proteolytic, amylolytic and lipolytic 
activities of the S. obihqua'larvae. As shown in Figure 7 the maximum proteolytic activity 
on casein was observed at pH 11.0. It is now well known that a large number of proteases 
present in the insect gut have alkaline pH optima, these include those from SpoJoptera 
littoralis - pH 1 1.0 (Ishaaya el al, 1971), SpoJoptera litura pH 9.0, 10.5, 11.0 
(Ahmad et al., 1980), Heliothis zea pH 11.0 (Klocke and Chan, 1982), Gafleria 
mellonellapH 10.5 and 11.2 (Hameed and Attias, 1987), Helicoverpa armigera pH 
9.5 and 10.0(Johnstonsal., 1991), PhtorimaeaopercullapH> 9.0(Christeller eta]., 
1992), Mandi/ca sextapHS. 5 (Samuels et al., 1993), Heliothis virescens pH lO.Oand 
11.0 (Johnston et al., 1995). The amylolytic and lipolytic activities of the gut contents 
peaked at pH 9.0 and 8.0 respectively. Other investigators have also observed the 
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occurrence of alkaline amylase (Ishaaya et a/., 1971) and lipase in insect guts which 
contain alkaline pH (Thomas and Nation, 1984; Teo and Woodring, 1988) The 
proteolytic and amylolytic activities peaked at 50°C (Figure 8) which are apparently 
compatible with the warm habitats of the larvae. The lipolytic activity appears to be more 
thermolabile with a temperature optima of 40°C, although it retained more than 60% 
activity at 80°C. 
To further investigate the potential of S. obliqua hydrolases as detergent additives 
their stabiltiy at pH 9.0 at 40°C was investigated over a period of 36 hours. Among three 
hydrolases more rapid decline in activity was observed in the case of protease, whereas 
half of the initial activity was retained by amylase and lipase in 24 hours. As also evident 
from the Figure 9 significant improvement in the activities of the three enzymes retained 
at 40°C could be achieved by treatment of the dialysed ammonium sulfate fraction of the 
gut contents with glutaraldehyde. The stabilization achieved in the case of the three 
hydrolases was variable being most marked in case of the protease and minim m with 
lipase. The glutaraldehyde induced improvement in the stability of enzymes may be related 
to the modification of lysine side chain residues of the enzyme and consequent recalci-
trance to proteolysis by enzymes exhibiting trypsin like specificity (Habeeb, 1967) 
Alternatively the stabilization may be related to resistance in unfolding conferred as a 
result of introduction of crosslinksand stabilization of tertiary structure (Mannonmani and 
Joseph, 1993). The effect of the gut contents of S. obliqua containing proteolytic, 
amylolytic and lipolytic activities in removing the aged blood stains was also undertaken. 
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As evident from the Figure 10 presence of the gut enzymes clearly facilitated the removal 
of the residual stain visualised by coomassie blue. The cotton discs incubated with 
ammonium sulfate fraction for 1 hour along with 0.1% SDS (Figure 10 lower row) or with 
the commercial detergent preparation (Figure 11 lower row) exhibited very little coomassie 
stainable material. In contrast presence of significant material stained with coomassie 
could be detected in preparations incubated with the detergent alone for 4 hours. 
What is more interesting however is the ability of the ammonium sulfate fraction 
of the gut contents to dissolve the blood stains completely even in absence of any 
detergent (Figure 12). One hour incubation was infact adequate to remove the stain near 
completely. The decrease in the staining intensity of the blood especially during the four 
hour incubation in absence of the detergent and enzymes (Figure 12 upper row) may be 
related to some solubilization ofthe blood protein due to the alkaline pH ofthe incubating 
buffer. In a similar study Sato etal. (1988a, 1988b) found that not only protein or sebum 
oils but also particulate soils were also effectively removed from cotton cloth by 
detergents containing proteolytic or lipolytic enzymes. These results clearly suggest the 
potential ofthe larval gut contents in detergent and stain remover formulations. While we 
agree that the thermal stability ofthe enzymes is not remarkable, especially at high 
temperatures, it was possible to significantly improve their stability by cross linking 
Moreover not all the detergent washes are performed at higher temperature also for the 
reasons of conserving energy (Phadatare et ai, \ 993). 
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Although insect larvae may initially appear rather inconvinient and uneconomical 
source of the detergent enzymes as compared to microorganisms, the larval gut may yeild 
atleast three important alkaline hydrolases of potential use in detergent formulations. In 
addition rearing of S. obliquatervae either in the laboratory or in the field conditions is 
quite economical as they may be made to feed exclusively on castor leaves. Nevertheless 
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there is always a possibility of cloning these enzymes and/subsequently increase their 
thermal stability, has been shown with subtilisins ("Bryan etal., 1986; wells and powers, 
1986). 
Taking into consideration the apparent potential in detergent formulations a 
detailed investigation of the properties of the S. obliqua protease was undertaken. The 
simple purification scheme employed for this purpose included ammonium sulfate frac-
tionation, DEAE cellulose chromatography (Figure 13) and affinity chromatography 
(Figure 14) on Hb-Sepharose column. The procedure was effective in eliminating nearly 
all of the contaminating proteins and the preparation thus obtained gave a sigle major band 
in PAGE at pH 8.3 (Figure 15A). As shown in Table IV the ammonium sulfate 
fractionation, DE AE-ion exchange chromatography and affinity chromatography resulted 
in a three fold, seven fold and thirty seven fold increase in specific activity. The overall 
yield was fifteen percent. Similar purification scheme has been employed by Smith and 
Turk (1974) and by De Martino and Croall (1983) for protease purification. The entire 
purification scheme employed in the present study took not more than six days and yielded 
significant amount of purified preparation. 
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The purified material gave a single major band in PAGE as visualised by coomassie 
blue (Figure 15 A) and silver staining (Figure 15B). In SDS-PAGE also the protein gave a 
single major band (Figure 16), but significant amount ofhigh molecular weight material 
presumably representing an aggregated material was also present. Some barely detectable 
low molecular weight material was also evident, which in view ofthe small concentration may 
be related to small amounts of autolysed product that may remain with the enzyme in 
abscence of SDS. The molecular weight ofthe alkaline protease from S. obliqua as 
determined by gel filtration chromatography on Sephadex G-100 was found to be 90 KDa 
(Figure 17). 
In SDS-PAGE the enzyme migrated as a single major band comprising of an 
apparent molecular weightof 134KDa(Figure 18). While further experiments are required 
to ascertain the factors that contribute to the difference, tendency ofthe enzyme to 
aggregrate in SDS may be responsible for the anamolous behaviour. In fact significant 
aggregated material could be located nearthe top ofthe lane whilethe protein migrated as 
a single major band in electrophoresis in absence of detergent. The carbohydrate content 
estimated according to Dubois etal.,{ 1956) in the S. obliqua gut protease was found to 
be about 11 % and that the observed difference in molecular weight could also be attributed 
to the above as has been reported by Leach etal., (1980) in case of several glycopeptides. 
The errors in the gel chromatographic molecular weight and that from sodium dodecyl 
sulphate varied from -22% to +10% depending on the extent of glycosylation. Alternatively 
the observed differences may also be related to differences in overall shape/stokes radius 
alongwhh nature of glycosylation that have not been investigated in detail in this 
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study. As the enzyme eluted as a single protein peak from the Sephadex column, the faint 
band apparent at the top of the gel in presence of the SDS may be an aggregated material 
derived from the protease. Presence ofbound oligo/polymerised phenols may also contrib-
ute to anamalous behaviour as discussed earlier. 
Molecular weights ofthe other alkaline proteases from lepidopteran larvae fall in the 
range between 17.000; 21.000 and 53,000 (Ahmad et at.. 1980). The purified protease 
exhibited a pH activity profile (Figure 20) that was nearly superjmposable with that 
obtained with the crude preparation (Figure 7). this maybe an indication ofthe predomaant 
ifnot the exclusive role ofthe purified enzyme in the digestion of dietary protein iathe 
S. obliqua gut. While we have not addressed the problem of presence of other proteases 
in the homogenate. lack of significant multiplicity of peaks even in DEAE cellulose eluants 
further indicate the major contribution ofthe purified alkaline protease. It is of interest to 
point out that Spodoptera litura contains three major proteases (Ahmad etal., 1980), 
Bombyx mori. two proteases (Sasaki and Suzuki. 1982). Galleria mellonella^two 
proteases (Hamed and Attias. l9Zl)Neliothis virescens. two proteases (Johnston etal.. 
1995). Suggesting the coordinated role of more than one protease in protein digestion of 
several lepidopterans. Peterson t7tf/. (1994) suggested that presence of large number of 
arginine residues may be responsible for the stabilization ofthe enzymes at highly alkaline 
pH. The arginines apparently contribute to the stabilility by remaining protonated even at 
highly alkaline pH. The authors based these findings on experiments in which three different 
types of cDNAs were islolated from the M. sexta trypsin. 
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Further support on the central role of the isolated protease in the protein digestion 
in S. obliqua larvae is evident from the comparable temperature optima profile of the 
caseinolytic activity in crude and purified preparations, both exhibited a temperature 
optima of 50°C (Figure 21). The alkaline proteases from other lepidoptera also appear 
to be thermostable and the temperature optima being 60°C, 55°C and 50°C for the three 
proteases from S. lilura (Ahmad etal., 1980). Protease activity from the digestive tract 
of Acheta domeslicus was found to increase from 20 to 45('C in a study performed by 
Teo and Woodring( 1988). 
Although both "trypsin like" and "chymotrypsin like" proteases have been 
located in the lepidopteran larval guts, the S. obliqua protease appears to be more 
"trypsin like" The enzyme was active on typical trypsin substrates BAPNA, BAEE, 
B AME (Table V). It is interesting to note that each milligram of enzyme was more active 
than the same amount of trypsin in the hydrolysis of BAEE and BAPNA at pH 8.0. As the 
molecular weight of the alkaline protease is four times more than that of trypsin this 
suggests a remarkable high turnover of the substrate by the former. The esterolytic activity 
as indicated by the hydrolysis of BAMEwa about same on molar basis with trypsin 
S. obliqua alkaline protease effectively degraded all the protein substrates investigated 
(Table VI) although casein appeared to be the most preferred substrate. This is evidently 
related to the well known susceptibility of casein to various proteases which in turn is 
related to its minimum tertiary structure. Among the other protein substrates the rate of 
hydrolysis was maximum with haemoglobin and minimum with gelatin. The data presented 
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in Table VII shows that the S. obliqua alkaline protease is indeed ' 'trypsin like'' also in 
terms of its susceptibility to specific inhibitors, its remarkable inhibition by TLCK and 
SBTI are representatives of trypsin like characterises, while TLCK acts as a specific 
inhibitor of trypsin (Shaw etal., 1965) by binding to histidine residue within the active 
site, the inhibition by TPCK a specific inhibitor of chymotrypsin was also significant. 
This suggested that S. obliqua alkaline protease may not be characteristically 
animal trypsin like in nature. This is further evident from lack of any significant inhibition 
by ovomucoid that was highly inhibitory towards bovine trypsin. It has also been observed 
earlier that insect proteases are sensitive to proteinaceous plant protease inhibitors, but 
may not be effected by those from animal sources (Johnston^ a/., 1991). The loss of 
sensitivity towards protease inhibitors from animal sources may be related to the 
adaptation of lepidopteran serine proteases to function in highly alkaline environments 
(Applebaum, 1985). 
The inhibition albeit partial of the & obliqua alkaline protease activity by TPCK 
(Table VII) is an interesting instance of lepidopteran protease bearing some character-
istics of both trypsin and chymotrypsin, for instance Johnston el a/. (1991) have shown 
that the partially purified serine protease from the midgut larvae ofHelicoverpaarmigera 
was sensitive to chyr ostatin, a typical chymotrypsin inhibitor. Although both trypsin like 
and chymotrypsin like proteases have been purified from the lepidopteran guts 
(Johnston et a/., 1995), examples of those with characterstics of both are also not 
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lacking. It must however be pointed out that caution must be exercised in arriving at 
conclusions on the basis of inhibition by TLCK and TPCK in view of the sensitivity of 
these inhibitors in the alkaline pH, where the insect gut proteases exhibit optimal activity 
(Peterson et al., 1995). 
As casein was found to be the most preferred among various protein substrates 
tested (Table VI) its degradation pattern was monitored by electro phoresis. It can be 
seen that the cleavage of proteins by S. obhqua alkaline protease is quite extensive 
presumably due to its not being highly specific which is also evident from the degradation 
pattern of casein obtained by electrophoresis. As evident from the Figure 22 the casein 
polypeptides which were of 35,000 and 27,000 were rapidly degraded predominantly 
to those of 14,454 and 8,128 KDa in 60 minutes. Although two low molecular weight 
bands were still apparent after 120 minutes of incubation their intensity was far lower 
suggesting further degradaion to fragments too small to be detected by comassie blue. In 
contrast the degradation of casein by bovine trypsin (Figure 23) resulted in fragments with 
a minimum molecular weight of 10,000. Continued incubation upto 120 minutes/resulted 
in further fragmentation of the polypeptides. 
The data available on the effect of metal ions on the lepidopteran gut proteases 
are fragmentary. However the S. obliqua alkaline protease exhibited sensitivities towards 
heavy metal ions (Table VIII) that resembled some but different from those of other 
proteinases. Like the proteases from S. litura (Ahmad et al., 1980) and H. armigera 
(Johnston et al., 1991) the enzyme required no calcium ions for its activity. Although 
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animal and some invertebrate trypsins are typically calcium dependent (Sipos and 
Merkel, 1968). Such metal ion requirement have not been reported to the best of our 
knowledge in the lepidopteran proteases. In terms of its sensitivity towards magnesium 
ions the enzyme resembled B. mori(Euguchi and Kuriyama, 1983). As observed in 
.V. litura and B. mori (Ahmad et al., 1980; Euguchi and Kuriyama, 1983) proteases, 
Hg" was highly inhibitory, while Cu~ and Zn^ exhibited marginal inhibiton. Inspite of the 
lack of very high stimulation by any metal ion investigated, the S. obliqua alkaline protease 
showed a low activity on treatment with EDTA, this may be related to the chelation of a 
metal ion tighth bound but accessible to EDTA. 
Sulphahydryl proteases are highly sensitive to Hg" (Arnon and Shapira, 1969), 
however lack of significant inhibition by iodoacetate and iodoacetamide and 
N-ethylmaleimide rule out the possible role of sulph^hydryls at the active site. Moreover 
the lack of inhibition by N-ethyl maleimide at inhibitory concentrations is in agreement 
with the observation that cysteine like proteases are lacking in the lepidopteran larvae 
(Christeller el al„ 1992). While L-cysteine was slightly inhibitory in explicably 6-
mercapto ethanol, caused significant activation. The remarkable inhibition observed with 
N-bromosuccinamide indicate the participation of histidine in the catalytic activity of .V. 
obliqua alkaline protease and tend to place the enzyme among the large number of 
lepidopteran proteins containg the catalytic triads of Asp, His, Ser (Peterson et al., 
1994). The caseinolytic activity of S. obliqua almost had a linear relationship with the 
increase in time upto sixty minutes (Figure 24). The Km value of the purified .V. obliqua 
protease was found to be 2.0x10'6 M, suggesting very high affinity towards BAPNA 
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(Figure 25). The km value for the B. mori alkaline protease using BAPNA was found to 
be 8.27 x 10 7M (Kuriyama and Euguchi, 1985). 
Determination of the potential of the S. obliqua alkaline protease nessiciated the 
investigation of its compatibiltiy with various anionic, nonionit, cationic and as well as 
commercial detergents. The enzyme showed remarkable stability in presence of 1.0% 
nonionic detergent TX-100 and cationic detergent NP-40. However the enzyme lost over 
90% activity in presence of 1.0% SDS It must be however pointed out that most of the 
known proteases are rapidly inactivated in presence of SDS and as shown in the Figure 
26 bovine trypsin was far more sensitive to SDS. 
The compability of the alkaline protease with various commercial detergents at pH 
11 0 (Figure 27) and 9.0 was found to be significant. Interestingly the protease was more 
resistant to the detergent formulations at pH 9.0 (Figure 28). It is likely that the enzyme 
undergoes remarkable autolysis at pH 11.0 which may be further excacerabated in 
presence of the detergents. A similar study has been carried out by Phadatare el al. 
(1993) who have also tested the stability and compabUity o fC coronatus protease. In 
absence of the detailed information on the composition of detergent formulations it can 
only be added that the S. obliqua alkaline protease was more compatible with some of 
the detergents than others tested. 
SUMMARY 
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Spilosoma obliqua popularly known in this country as the Bihar (a state of India) 
hairy caterpillar, is a commonly occuring polyphagous pest in North and North-west 
regions of India. The larvae of S. obliqua are voracious feeder on legumes and several 
other crops. These larvae are capable of rapidly demuding these crops and cause 
enormous damage. Considering that S. obliqua belongs to lepidoptera and members of 
this family have highly alkaline pH a study of digestive hydrolases of these larvae was 
undertaken. This was done primarily to evaluate the potential of the partially pure and 
purified enzymes as potential detergent additives. The protease activity of the gut 
contents in S. obliqua larvae increased with age, and paralled the gut protein content. 
Starvation of the fifth instar larvae caused a consistent decrease in the proteolytic activity 
except for a small and inexplicable rise after 8 hours of fasting. Attempts to demonstrate 
the possible presence of zymogen form of the protease were unsuccessful. 
The gut contents of the fifth instar larvae of the 5. obliqua, reared on castor leaves 
exhibit high proteolytic, amylolytic and lipolytic activities. While the pH optimum of 
proteolytic activity was 11.0, those of amylase and lipase were 9.0 and 8.0 respectively. 
Among these the lipase was most labile with a temperature optimum of 40°C, the 
amylolytic and proteolytic activities peaked at 50°C. All the three enzyme activities could 
be nearly quantitatively precipitated from the gut contents at 60% saturation of ammonium 
sulfate. The protease, amylase, and lipase in the fraction obtained thus were reasonably 
stable at 40°C and retained over 20%, 41 % and 50% of the initial activities respectively 
in 24 hours at pH 9.0. Glutaraldehyde treatment of the dialysed ammonium sulfate 
fraction resulted in the mark ed improvement in the retention of enzyme activities at 40°C. 
The ammonium sulfate fraction was also highly effective in facilitating the removal of aged 
blood stains from cotton cloth both in presence and absence of detergents. 
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In order to purify the alkaline protease from the gut contents of fifth instar larvae 
of S. obliqua, a combination of ammonium sulfate fractionation, DEAE-cellulose chro-
matography and Hb-Sepharose affinity chromatography were employed. This resulted in 
a 37 fold purification with a yield of 15 percent. The purified preparation migrated as a 
single major band in PAGE. It also gave a single major band in SDS-PAGE but indicated 
a tendency to aggregate and undergo proteolysis. Surprisingly the molecular mass of the 
purified protease was found to be 90 KDaby gel filtration and 136 KDa by SDS-PAGE. 
The purified alkaline protease showed maximal proteolysis at pH 11.0 and exhibited a 
temperature optima of 50°C. 
The ability of the alkaline protease to cleave different synthetic and protein 
substrates was investigated. The alkaline protease cleaved B APNA, B AME and B AEE. 
The alkaline protease was also effective in cleaving all the protein substrates tested albeit 
to different extent. Casein was found to be most preferred substrate. Haemoglobin, 
bovine serum albumin and ovalbumin were hydrolysed to a lesser extent than casein, 
while gelatin was hydrolysed only partially. 
The alkaline protease from S. obliqua was found to be completely inhibited by the 
trypsin inhibitor TLCK and partially by TPCK a characteristic inhibitor of chymotrypsin 
like enzymes. However ovomucoid was only marginally inhibitory. The degradation 
kinetics of casein by alkaline protease monitored by SDS-electrophoresis was compa-
rable with that of bovine trypsin but the degradation in the former appeared more 
extensive. Among the metal ions tested Mg" and K" were found to have acti vating effect 
on the proteolytic activity, while Zn*+ and Cu++ were remarkably inhibitory. Hg"+ 
completely inhibited the enzyme activity. Ca++, Mn" and Co++ did not effect the 
caseinolytic activity significantly. 
I l l 
Among other substances tested EDTA was found to be significantly inhibitory. 
While thiol specific reagents cysteine hydrochloride, iodoacetic acid, iodoacetamide and 
N-ethylmaleimide were ineffective. The enzyme activity was stimulated to a smaller 
extent in presence of B-mercaptoethanol. N-bromosuccinamide a histidine specific 
reagent was highly inhibitory. 
The caseinolytic activity of the S. obliqua alkaline protease was found to increase 
linearly upto 60 minutes. Line Weaver-Burk plot was obtained using BAPNA as a 
substrate gave a Km of 2 .Ox 106M. The effect of various anionic, cationic and nonionic 
detergents, as well as the commercial detergent formulations on the alkaline protease 
from S. obliqua were also investigated. While cationic and nonionic detergents were not 
inhibitory, a near linear concentration dependent decrease in caseinolytic activity in 
presence of SDS was observed. The enzyme was however found to be less sensitive to 
SDS than bovine trypsin. The alkaline proiease was found to be reasonably stable in 
presence of various commercial detergents tested. 
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Alkaline-pH-acting digestive enzymes of the 
polyphagous insect pest Spilosoma obliqua: stability 
and potential as detergent additives 
Adil A n w a r and M o h a m m e d Saleemuddin1 
Department of Biochemistry, Faculty of Life Sciences, Aligarh Muslim University, Aligarh-202002, U.P., India 
The gut contents of the fifth-instar larvae of the 
polyphagous insect pest Spilosoma obliqua reared on 
castor-bean leaves exhibit high proteolytic, amylolytic 
and lipolytic activities. While the pH optimum of 
proteolytic activity was 11.0, those of amylase and 
lipase were 9.0 and 8.0 respectively. Among these, 
the lipase had a temperature optimum of 40 °C; the 
amylolytic and proteolytic activities peaked at 50 °C. 
All three enzyme activities could be nearly quantita-
tively precipitated from the gut contents at 6 0 % 
( N H 4 ) 2 S 0 4 saturation. The protease, amylase and 
lipase in the fraction obtained thus were reasonably 
stable at 40 °C and retained over 20, 41 and 5 0 % 
activities respectively after 24 h at pH 9.0. Glutar-
aldehyde treatment of the dialysed ammonium 
sulphate fraction resulted in a marked improvement 
in the retention of enzyme activities at 40 °C. The 
ammonium sulphate fraction was also highly effective 
in facilitating the removal of old bloodstains from 
cotton cloth in both the presence and absence of 
detergents. 
Introduction 
The detergent industry has now emerged as the single 
major consumer of several hydrolytic enzymes, acting in 
the alkaline pH range, that account for over a quarter of 
the global enzyme production [ I ] . The principal enzymes 
used in the detergents, namely proteases, amylases, lipases 
etc., are currently isolated mainly from selected strains of 
bacteria [2], although the potential of several fungal 
sources is also being increasingly realized [3-4 ] . An alterna-
tive promising source of alkaline hydrolases may be insect 
guts. The high voracious larvae of lepidoptera and other 
species of insects [5 -8 ] , and even some adults forms [9], 
employ a highly alkaline gut pH to aid food digestion. The 
pH of the digestive tract of the larvae of Spodoptera litura 
is also alkaline and enzymes acting therein do so optimally 
at such pH. Early work by others [10] and from this 
laboratory [11-13] has demonstrated that larvae of Spod. 
litura have highly alkaline digestive enzymes in their guts. In 
the present paper we report the occurrence of alkaline-
pH-acting proteolytic, amylolytic and lipolytic activities in 
the gut contents of the fifth-instar larva of Spilosoma 
obliqua. An ammonium sulphate fraction of the homo-
genate containing all the three enzymes was shown to 
promote the solubilization of stains of clotted blood from 
cotton cloth in both the presence and absence of 
detergents. 
Materials and methods 
Vitamin-free casein, starch and (NH4 )2S04 were the 
products of Sisco, and p-nitrophenyl palmitate was 
obtained from Sigma Chemical Co. (St. Louis, MO, U.S.A.). 
All other reagents were of highest purity grade commer-
cially available. 
Rearing of insects 
The larvae were bred in rearing jars in a BOD incubator 
maintained at 28 °C and 60% relative humidity. The larvae 
were fed on fresh castor-bean leaves. Fifth-instar larvae 
were used in the experiments. 
Isolation of the enzymes 
The fifth-instar larvae, which measured approx. 5 cm in 
length, were dissected and their guts removed with the 
help of forceps. The guts were collected in ice-cold 0.9% 
NaCI. The contents were squeezed out by gently tapping 
the intestines without causing major damage. The contents 
were centrifuged at 4 °C at 4000 rev./min for 20 min, and 
the supernatant was filtered through a Whatman filter 
paper and used as enzyme source. 
For thermal-stability measurements and the blood-
stain-clearing assay, the gut contents were precipitated 
with (NH4)2S04 at a saturation of 60%, and the precipitate 
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was collected by centrifugation, dissolved in a minimum 
amount of 0.1 M phosphate buffer, pH 9.0, and dialysed 
extensively against the same buffer. Where indicated the 
dialysed preparation was treated with 0.5% glutaraldehyde 
for I h. Unchanged aldehyde groups were modified with 
ethanolamine, and the preparation redialysed and used as 
the source of enzymes. 
Enzyme assays 
Proteolytic activity was measured as described by Kunitz 
[ 14] using 2 % casein as substrate. For this purpose, 0.5 ml 
of casein prepared in 0.1 M phosphate buffer of appro-
priate pH was incubated with equal volume of suitably 
diluted enzyme. After incubation the reaction was termi-
nated by the addition of 0.5 ml of 20% (w/v) 
trichloroacetic acid, and the acid-soluble peptides were 
quantified using Folin-phenol reagent [15]. One unit of 
protease is the amount that causes the formation of I [ig 
of trichloroacetic acid-soluble Lowry-positive material/min. 
Amylase activity was determined essentially as described by 
Bernfeld [16], in a total volume of 1.0 ml. The reaction 
mixture comprised 10 mg of starch, 0.3 ml of 0.1 M phos-
phate buffer of appropriate pH, and an aliquot of suitably 
diluted enzyme. The reaction subsequent to the incubation 
was terminated by the addition of the dinitrosalicylate 
reagent, and the reducing sugars formed were determined 
as described. One unit of the amylase is the amount that 
causes the formation of I fig of glucose equivalents lib-
erated/min. For the determination of lipase activity, the 
reaction mixture comprised 50 mM p-nitrophenyl palmitate 
in 0.1 M phosphate buffer of appropriate pH and suitably 
diluted enzyme. p-Nitrophenyl palmitate was dissolved in 
acetonitrile, and not more than 20 fi\ of the solvent was 
added to the assay cuvette. The released p-nitrophenol 
was quantified by measuring its absorbance at 418 nm after 
terminating the reaction with 50 fi\ of 5 M NaOH. One 
unit of lipase is the amount that causes the liberation of 
I fig of p-nitrophenol/min. 
Effect on old bloodstains 
Small pieces of fine cotton cloth were stretched on 
40-mm-wide 4.0-cm-diameter discs with the help of 
rubber bands. Fresh rabbit blood (15 fi\) was applied in the 
centre of the discs and allowed to clot and dry for over a 
week. The discs were incubated for the desired times in 
the appropriately diluted enzyme solution with or without 
added detergents. The discs were completely submerged 
during the incubation and were gently agitated mechanic-
ally. After the incubation the discs were removed from the 
enzyme solution, washed repeatedly with tap water, 
stained by immersing in a solution of Coomassie Blue 
( 0 . 1 % in 40% propan-2-ol and 10% acetic acid) and 
destained with 10% acetic acid. 
Results and discussion 
Spil obliqua is a polyphagous pest of monsoon crops com-
monly found in the Northern and North-West regions of 
India. The larvae of Spil. obliqua feed on a variety of crops, 
including those of legumes [17]. The hairy larvae, especially 
of the later instars, contain highly active proteolytic, anxio-
lytic and lipolytic activities (569 units of protease, 369 units 
of amylase and 276 units of lipase/insect gut), with activity 
maxima in the alkaline range (Figure I). While the 
maximum proteolytic activity on casein was observed at 
phi 11.0, amylase and lipase activities exhibited optima 
at pH 9.0 and 8.0 respectively. The amylase activity in the 
gut contents of the larvae of the armyworm Spodoptera 
littoralis also exhibited a less alkaline pH optimum as com-
pared with the protease present [10]. 
The proteolytic and amylolytic activities peaked at 
50 °C, results that are apparently compatible with the 
warm habitats of the larvae. Lipolytic activity peaked at 
40 °C. However, the lipase was found to be more stable at 
higher temperatures (Figure 2). While we are not aware of 
any explanations, other instances of insect gut lipases 
exhibiting less alkaline pH optima and lower temperature 
optima than the proteases present in the same gut con-
tents are available [18,19]. Figure 3 shows that, at pH 9.0 
and 40 °C, proteolytic, amylotytic and lipolytic activities in 
the (NH4)2S04 fraction were reasonably stable; over 20% 
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Figure I 
Effect of pH on Spil. obliqua gut content enzymes. Appropriate aliquots of the 
gut contents in 154 mM NaCI were used for the assay of protease (o), 
amylase (•) and lipase (A) as described. Phosphate buffer (0.1 M) of 
appropriate pH was used. 
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Figure 2 
Effect of temperature on Spil. obliqua gut content enzyme activities. Appropriate 
aiiquots of the gut contents of the flfth-instar larvae were assayed for protease 
(o), amylase (•) and lipase (A) at the indicated temperatures. The enzyme 
activities were assayed at their respective pH optima. 
Tim.ot t0°C(hrt). 
Figure 3 
Effect of incubation at 40 °C on gut protease, amylase and lipase activities from 
Spil. obliqua. Appropriate aiiquots of the dialysed 0-60% (NH4)2S04 fraction of 
gut contents were incubated in 0.1 M phosphate buffer, pH 9.0, at 40 °C, and 
protease (A) amylase (B) and lipase (C) activities were determined. Where 
indicated the dialysed fraction was treated with glutaraldehyde. The activities of 
the glutaraldehyde-treated preparations are represented by closed symbols. 
Insect larval gut alkaline-pH-acting hydrolases 45 
and 12% of initial activity was retained by the protease 
after 24 and 33 h respectively. The respective values for 
the amylase in 24 and 33 h were 41 and 31%, while those 
for the lipase were 50 and 40%. As Figure 3 shows, 
significant improvement in the stabilities of the three 
enzymes retained at 40 °C could be achieved by treatment 
of the dialysed (NH4)2S04 fraction of the gut contents with 
glutaraldehyde. There was an initial loss of 20% in proteo-
lytic, 22% in amylolytic and 15% in lipolytic activities after 
the treatment with glutaraldehyde as compared with the 
untreated enzymes. The stabilization achieved in the case 
of the three enzymes was variable, being least in case of 
the protease and most marked with lipase. The glutar-
aldehyde-induced improvement in the stability of the 
enzymes may be related to the modification of the lysine 
side-chain residues of the enzyme and consequent recalci-
trance to proteolysis by enzymes exhibiting trypsin-like 
specificity. Alternatively the stabilization may be related to 
resistance to unfolding conferred as a result of introduction 
of cross-links and stabilization of tertiary structure [20]. 
An attempt to investigate the effectiveness of the dial-
ysed (NH4)2S04 fraction of the gut contents of Spil. obliqua 
containing the proteolytic, amylolytic and lipolytic activities 
in removing the old bloodstains was; also under taken. 
Fresh bloodstains applied on cotton cloth were aged to 
increase their stubborness. As evident from Figure 4, the 
presence of the gut enzymes clearly facilitated the removal 
of the residual stain revealed by Coomassie Blue. The 
cotton discs incubated with the (NH4)2S04 fraction for I h 
along with either 0.1% SDS (Figure 4A) or 7 mg/ml com-
mercial detergent preparation (Figure 4B) exhibited very 
little Coomassie Blue-stainable material. In contrast, the 
presence of significant material that stained with Coomas-
sie Blue could be detected in preparations incubated with 
the detergent alone for 4 h. What is more interesting, 
however, is the ability of the (NH4)2S04 fraction of the gut 
contents to dissolve the bloodstains completely, even in 
absence of detergent (Figure 4C). An incubation of I h was 
in fact adequate to remove the stain nearly completely. 
The decrease in the staining intensity of the blood, 
especially during the 4 h incubation in absence of the 
detergent and enzymes (Figure 4C), may be related to 
some solubilization of the blood protein due to the alkaline 
pH of the incubating buffer. 
These results clearly suggest the potential of the larval 
gut contents in detergents and stain-remover formulations. 
While we would agree that the thermal stability of the 
enzymes is not particularly remarkable at high tempera-
tures, it was possible to significantly improve their stability 
by cross-linking. Moreover, not all the detergent washes 
are performed at higher temperatures, for the reasons of 
conserving energy [4]. Although insect larvae may initially 
appear a rather inconvenient and uneconomical source of 
Anwar and Saleemuddin 
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Figure 4 
Effect of Spil. obliqua gut enzymes on the removal of old bloodstains from 
cotton cloth in the presence and absence of detergents. Cotton cloth discs 
with old bloodstains were incubated with 0.1% SDS (A) or 7mg/ml 
commercial detergent Surf in 0.1 M phosphate buffer, pH 9.0 (B), or the 
buffer alone (C) (upper rows). A second set of the discs was also incubated 
under similar conditions, but in the presence of added Spil. obliqua gut 
contents. 0-60%-(NH4)2SO4 extract containing 1.9 units of protease, 3.7 units 
of amylase and 1.2 units of lipase/ml (lower rows). The discs were washed 
thoroughly with water after the incubation and stained with Coomassie Blue as 
described in the text. Other details are also given in the text. 
the detergent enzymes as compared with those from the 
micro-organisms, the larval gut may yield at least three 
important alkaline-pH-acting hydrolases of potential use in 
detergent formulations. Nevertheless, there is always a 
possibility of cloning these enzymes and subsequently 
increasing their thermal stability, as has been shown with 
subtilisins [21,22]. Rearing of Spil. obliqua larvae, either in 
the laboratory or in field conditions, is quite economical, as 
they may be made to feed exclusively on the leaves of 
castor-bean or of leguminous plants. 
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